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Preface 


Tuis book presents a two-year course in Physics designed for Classes 7 and 
8 of either a Class 10 terminal course, or a Class 11 terminal course. 

It introduces the subject in terms of the student's personal experience. 
A strong foundation of scientific theory is laid, but at every stage theory 
is related to reality, and the student's natural curiosity is aroused and 
sustained. 

Volume 1 of this series is a book on combined science designed for Class 
6. Volume 2 Physics is the first part of a four-year course in Physics, and 
is followed by Volume 3 which provides a course for Classes 9 and 10. This 
four-year course has been carefully graded to suit Cl s 7, 8, 9 and 10, in 
content and in the approach to the subject. It is a complete course in 
Physics for those who end a general education in Class 10, leading to the 
LC.S.E. examination, but care has been taken to provide a complete 
school course that should meet the requirements of any Class 10 terminal 
examination. This course is also most suitable for those intending to 
appear for the LS.C. examination in Physics, as the little that remains to 
complete that syllabus can be comfortably finished in Class 11, leaving 
plenty of time for a review of the whole course. 

Energy has been presented as a unifying principle. The concepts of 
energy, matter and force have been very carefully developed along modern 
lines suggested by recent thinking on the subject of science teaching in 
schools. The basic ideas of heat, light, sound, magnetism and electricity 
have been carefully presented and developed. Clear understanding and 
stimulation of interest are constantly aimed at, and a strong foundation 
is laid for future work. 

The concentric approach has been used. A topic, e.g. the refraction of 
light, is introduced and left at that—a central dot of knowledge. In 
succeeding years it is developed further in wider and wider circles, ripples 
of information and knowledge spreading outward. Terms are first intro- 
duced without a formal definition, which at an early stage would serve 
no useful purpose but would only confuse the student; a newton is a unit 
of force, temperature is measured with a thermometer, current is measured 
in amperes on a meter, etc. As the course progresses definitions become 
more and more evident or are stated explicitly. 

Analogies and models are used throughout. These can be dangerous if 
they are to be considered to be more than illustrations, but they have a 
valuable place in science teaching. 

Questions are frequently asked in the body of the text and a carefully 
constructed set of questions is given at the end of each chapter. These 


A. a 


~ 


ii 


questions test the student's grasp of the matter covered, but more than 
that they have been designed to encourage students to read the whole 
chapter, and to refer to past chapters and perhaps consult other sources 
as well. 

5.1. units have been used throughout the book, and the most recent 
recommendations for the correct revision of older terminology have been 
implemented. Thus ‘specific heat capacity’ is used in place of the older 
‘specific heat’, and the ‘joule’ has been used together with the ‘calorie’ as 
a unit of heat, since it is to replace it as soon as possible. 

This book has been produced with the encouragement, cooperation and 
help of so many people that it would be impossible for me to thank all of 
them individually or adequately. In particular, I would like to thank Mr. 
John West, author of the Chemistry books of this series, for many stimu- 
lating ideas and Suggestions, Mr. K. P. Pradhan for trying out many 
prototype experiments and for preparing the index, Mr. B. Pradhan, the 
illustrator, for his great patience and skill in portraying the meaning of 
the text, and Mr. Chandan Singh Rawat for converting an untidy manus- 
cript into a clear typescript for the printers. 


Darjecling 1973 MAURICE BANERJEI 
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1 
Introducing Physics 


1. What is Physics? 


Tue scope of Physics is so wide, and its developments so numerous, that 
it is difficult to find a single statement that will convey the full meaning 
of the subject. Physics is a basic science, whose principles form the founda- 
tion of other sciences such as biology, chemistry, geology and astronomy. 
Physics is concerned with the laws that underlie the working of our 
Universe. Every time you turn on à tap, switch on a light, speak on the 
telephone, ride in a car, or use one of the many other machines that have 


become so common in our lives, you are coming into contact with some- 


thing made possible by a knowledge of physical laws. 

Physics is concerned with the way our Universe works. Everything physi- 
cal in our Universe can be classified as either matter or energy. Matter can 
be classified as living or non-living. АП the sciences can be divided into two 
main branches: the biological sciences, which deal with living things, and 
the physical sciences, which deal with the non-living aspects of nature. 
Physics may therefore be defined as the bhysical science which deals with 
matter and energy and their transformations. In the next chapter we shall 
discuss energy more fully, and in the chapter after that we shall study 
matter. However, as you continue your study of Physics, you will learn more 
and more of these two aspects of the Universe. 


2, Why we should study Physics? 


We live in this Universe; we are part of it. So we should know what we 
can of its working to help us live better and fuller lives. Physics deals with 
the working of our Universe. The study of Physics will make our Universe 
more meaningful to us and more full of interest and excitement, as we 
learn the ‘why’ and the “һом” of it, and see the pattern and power of it. 

Science is marching forward at a swift pace. During the last sixty years 
or so science has progressed more than during all previous time. From the 
time of the writing of this book till the time you study it, great new 
discoveries will probably have been made. What happens in the future 
will affect us, directly or indirectly, either by bringing new inventions for 
our benefit and use, or dangers for us to avoid. To understand what may 
come we must learn the laws that will help to explain it, and these are the 
laws that form the structure and framework of Physics. 

Physics has a pattern and an order to it, and its study involves careful 


observation and correct reasoning — in brief the scientific method. In 


studying Physics, this scientific training will not only sharpen our obser- 
vation, develop our powers of reasoning, improve our minds and increase 
our store of knowledge, but furthermore all these qualities will carry over, 
or ‘transfer’, into other areas of work and study, and make us more useful 
and more productive members of society. 

Finally, there is the very interest of the subject itself. The physicist is 
like a detective. He searches for clues. He rejects what is not useful and 
concentrates on what will help him, and he uses this evidence to reason 
further and come to the solution to his problem. It is a hot and exciting 


chase, full of the thrill of discovery and the joy that is brought by finding 
the correct answer. 


3. The unreliability of our senses in giving accurate information 


Physics deals with the working of our Universe, and to study Physics we 
haye to study, to measure, the forms of matter and energy that make up 
our Universe. We explore our environment, the forms of matter and 
energy around us, with our senses. But can we rely on our senses to give 
us accurate information? Let us consider some examples. 


(i) Look at each of the following lines and say which is longest and 
which is the shortest. Now measure each line. (see Fig. 1.1). 


AU e ya A a а 


Fig. 1.1 Optical illusion with lines 


(ii) Are the circles in the centre equal in size? What do these two examp- 
les tell you of your eye as a judge of size? (see Fig. 1.2). 


Fig. 1.2 ^ Optical illusion with circles 


(iii) You are asked to determine the temperature of some water in a 
bowl B. There is a bowl A of very hot water on the left hand side of this 
bowl, and a bowl C of ice-cold water on the right hand side of it. If you 
plunge your hand in A and then in B, it will feel colder than it really is. 
If you plunge your hand first in C and then in B, it will feel warmer 
than it really is (see Fig. 1.3). What does this tell you about your sense 
of feeling as a temperature measürer? 
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boiling water water at room ice cold water 
temperature 
A B с 


Fig. 1.3 Three bowls with water at different temperatures 


From these, and other examples, we see that our senses are affected by 
particular circumstances, ог in other words are subjective, and therefore 
not to be always relied on to give accurate information. We must therefore 
use something less personal, less subjective. We use instruments to get 
objective and exact measurements in Physics. 


4, Some of the instruments with which we measure the physical world 


Most of our measurements concern length, mass and weight, and time. 
Fig. 1.4 shows a block being measured with a metre stick. We shall measure 
е large and in centimetres if they are small. It 


lengths in metres if they ar ‹ 
is important when taking any scale reading to have the correct line of 


sight. 


~ б к " 
трава right line of sight 


У 


wrong line of sight ——\, 


Fig. 1.4 Block being measured with а metre stick 


Fig. 1.5 shows the common balance with which we find the mass of an 
object placed in the left hand pan, by placing a mass іп the right hand pan 
which will be affected exactly the same by the pull of gravity. The mass of 
iron being measured is 30.15 g. We shall measure mass in kilograms if it is 
large and in grams if it is small. 


Fig. 1.6 Measuring weight with 


a spring balance 


weights 


Fig. 1.5 Measuring mass with a common balance 


Fig. 1.6 shows a spring balance which measures the wei 
which is the force with which th 


in Chapter 4. 

At this stage we shall 
divisions. 
Units of Length 


10 millimetres (mm) 


10 centimetres 
10 decimetres 

10 metres 

10 dekametres 
10 hectometres 


Units of Mass 


10 milligrams (mg) 


10 centigrams 
10 decigrams 
10 grams 

10 dekagrams 
10 hectograms 


(Note that the same prefixes are 


Latin 
mili — 1 
1000 

centi — ~. 
100 

deci = i. 
10 


ion Won wu 


give the units of length and mass and their sub- 


1 centimetre (cm) 
1 decimetre (dm) 
1 metre (m) 

1 dekametre (dam) 
1 hectometre (hm 
1 kilometre (km). 


1 centigram (cg) 
1 decigram (dg) 
1° gram (g) 

1 dekagram (dag) 
1 hectogram (hg) 
1 kilogram (kg) 


Greek 
deka = 10 
hecto = 100 
kilo = 1000 


ght of a body, 
е earth pulls that body towards it, The 
weight of the piece of metal being weighed is 1 100 g. We shall for the 
present measure weight in the same units as mass viz. kilograms, 
but we must remember that mass and weight are not the same 
they are related to each other. This relationsh: 


grams, etc. 
3 although 
ip will be discussed further 


How many millimetres are there їп а centimetre? in a metre? How many 
centimetres are there in a metre? How many metres are there in a kilo- 
metre? How many g are there in a kg? How many mg in a g? How many 
cg in a р? 

Fig. 1.7 shows a stopwatch, which measures time as an ordinary watch 
does, but which can be started and stopped at will to enable us to measure 
time more accurately and more conveniently. 

Two other instruments used for measuring which we shall have some- 
thing to do with this year are the thermometer, shown in Fig. 1.8, and the 
barometer, shown in Fig. 1.9. The thermometer is used for measuring the 
temperature of an object, and the barometer measures the pressure of the 


air at any place at any instant of time. 


5. The Work of the Physicist 
Since Physics is the study of matter and energy and their transformations, 
this is what the physicist must study. But this is a very wide area and, 
generally, a particular physicist concentrates upon a particular area and 
devotes his time and energy, sometimes his entire life, to the study of only 
this area so that he can study it in great detail. Thus Physics has been 
divided up into smaller areas, like Mechanics, Wave Motion (Sound, 
Light), Heat, Electricity and Magnetism, and Modern Developments in 
Physics which include Electronics and Nuclear Physics. All these names 
will mean more and more as you study more Physics and learn more about 
each of these sections. mot 

In general terms the work of the physicist is to observe changes in matter 
and energy that take place either in the Universe, or in his laboratory 
where he has deliberately caused these changes to take place so that he 
may study them. He observes closely, very often with the aid of compli- 
cated instruments, and measures accurately. He draws conclusions from his 
observations and measurements, and uses these conclusions to state broad 
facts, or laws, about the physical world. The applications of these laws bring 
the machines, and labour-saving and pleasure-giving devices, that make 
life easier and happier, and also quite often the cure to ills that were once 


a curse to mankind. 


6. Some famous physicists 


There have been so many whose dedicated work has built the vast and 
complicated structure of Physics, that to name them all would take more 
than one book. So we shall just mention a few of the very important 
physicists, and some of their work, and while doing so we must bear in mind 
that there are many whose names are not mentioned here, but whose contri- 
bution to Physics should never be considered unimportant. 

Dr William Gilbert (1540-1603) carried out many interesting experi- 
ments in magnetism and static electricity. 

Galileo (1564-1642) was a famous Italian physicist, astronomer and 
mathematician. 

Sir Isaac Newton (1642-1727) an English mathematician and physicist, 
who made a number of important discoveries and is one of the greatest 
names in Physics and Mathematics. 


Fig. 1.7 


Fig. 1.8 


A Stopwatch 


A thermometer 
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Fig. 1.9 


barometer 


America, is best known for his famous Theory of Relativity. 

The work of Ampere, Volta, 
portant that their names are stil 
cal units. 


More recently the work of Rutherford, Bohr, and others on the atom, 
Becquerel and the Curies in radioactivity, 
neutron are all milestones in the 
many others have had 


and Chadwick in discovering the 
great journey forward, and in which so 
a share. The important point is that science is 
cumulative. That which was discovered and known int 
future discoveries, It is this that Newton h 
have seen farther than m 
of giants', 


he past, assists in 
ad in mind when he said "IE I 
ost men, it is because I have stood on the shoulders 


should be a source of inspiration to all of us. 

Professor Meghnad Saha (1893-1956) established a school for research 
in astrophysics at Allahabad. His theory of Thermal lonisation was 
acclaimed throughout the world as a major discovery, He founded the 
Institute of Nuclear Physics at Calcutta, and this institute is now named 
after him. He started the journal ‘Science and Culture’, and took 


a promi- 
nent part in National Planning. 
Dr Homi Jehangir Bhabha (1909-1966), after taking an Engineering 
degree at Cambridge University, returned to India іп 1 


940 апа Was a 
Reader and then a Professor at the Indian Institute of Scie 


nce, Bangalore, 
In 1945, he founded the Tata Insti 

Bombay, and later he established 
at Trombay, which is now named 
deprived India of an eminent 


Professor C. V. Raman (1888-1970) Started his car, 
bu 


i сег às an officer in the 
t soon resigned fro, 


m government service 


k in Physics with great 
n as the Raman Effect for 


‚ apter 
long and Interesting journey. This Mec 
t lies ahead, what you should look for, this 
me of the many who have made t 


Questions 


1 


Name six different objects or machines which are applications of 
physical principles. 
Give three compelling reasons why we should study Physics. 


Give two examples, one concerning touch and one concerning sight, 
to show that we cannot rely on'our senses to give accurate informa- 


tion. 
Briefly describe the work of the physicist. 


Give the names of six famous physicists, and name one discovery 
made by each of any three of them. 


2 
Епегду 


Our universe is never still, Things are always happening. There is move- 
ment and change going on all the while, all around us. To do the work 
of bringing about these changes and these movements, energy is needed. 
Energy can be described as the capacity to do work, or to bring about some 
effect or change. 

The wide variety of changes going on, and the multiplicity of results, 
arising from these changes, 
Such a wide variety of cha 
correspondingly wide variety of energy forms. The evaporation of water 
and its subsequent falling as rain involves one form of energy; the miracle 
тағ, of photosynthesis, or the digestion of food involves quite a different form 
Fig. 2.1 Sails of a windmill of energy, and the glowing of an electric fire yet a different form of energy. 

turning in breeze 


fferent forms 


of energy, and how they produc 
going on around us, and which 
of our universe, 


windmill (see Fig. 2.1) 
it forward along the 
turn the paddles of a 
can shatter a pane of glass. A moving 
lid such as wood, All these are able 


Fig. 2.2° Wind moving a Sailboat 


ls when it falls, bring about many 
i eal ^. urying a peg into the ground (see 
Fig. 2.4), or lifting a weight Fig. 2.5). Al Е K 
> · 2.5). АП 

make them happen, fae are E 


potential’ means ‘Possible’, a i Н 
Г j » and potential energy ! 
и Dam or in other words stored energy, A ae can һауе this 
nergy stored in it in vari ight i 
eg и теі: By ЄС In lt in various ways. Height is one Way. Here are some other 
Ways. A compressed sprin, : 
a water wheel 


+ rk 
‘Pring in trying to release itself can do WO 


зе: n оты E H 
бее Fig. 2.7); the Compressing it stores energy in it. A stretched rubber 


act of 


band сап do work in restoring itself to its original state (see Fig. 2.8); the act 
of stretching it stores energy in it. Both the compressed spring, and the 
stretched rubber band, have potential energy. 


Fig. 24 А falling stone burying a peg Fig. 2.5 А falling stone lifting a weight 


Wood, coal, oil and gas have energy stored in them. This stored energy 
is potential energy, but this form of potential energy is more correctly 
described as chemical energy. The chemical (potential) energy of wood, 
coal, oil, and gas can be released by burning the substance, and can then 
be made to do useful work such as warming a house, cooking food, produc- 
ing light, or driving machinery. Green plants can perform photosynthesis, 
the amazing chemical reaction by which they can store the energy of the 
Sun as chemical energy in the carbohydrates produced by the reaction. 
The food we eat has stored energy, or potential energy stored as chemical 
energy, and this is the energy with which our bodies do all the work our 


day to day living involves. 


Fig. 2.6 Falling waier turning 
а paddlewheei 


compressed spring Ж 


cork Mer 
0 


Fig. 2.7 A toy 'рор'-дип 


The energy released when we burn coal or oil or wood or gas is heat 
energy and light energy, and sometimes even sound energy. Electrical 
energy from a torch cell can heat a wire (see Fig. 2.9), or light a bulb 


(Fig. 2.10). Magnetic energy can attract an iron nail from a distance. ignea овса 


resistance wire 


is heated 
Z 


Electrical energy can 
heat a wire 


a 


Fig. 2.10 Electrical energy can 


light a bulb 
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We shall talk about all these forms of energy throughout this book. In 
fact the study of Physics, as we said earlier, involves the study of energy. 


2. Energy Conversions 


Consider these four familiar happenings: the burning of a coal fire, the 
burning of an oil lamp, a boy running upstairs, the glowing of an electric 
torch. In the coal fire the act of burning the coal changes the chemical 
(potential) energy of the coal to heat energy with which food can be cooked. 
In the oil lamp the act of burning the oil converts the chemical (potential) 
energy of the oil to light energy and also partly to heat energy. When a 
boy runs up a flight of stairs, he needs energy to do the work of lifting his 
weight against the pull of gravity up the vertical height of the flight of 
stairs. He gets this energy from the chemical energy stored in him, and 
this came from the food he ate, which had energy stored in it. While he is 
running he is in movement and therefore has kinetic energy. At the top 
of the stairs he has potential energy due to the greater height of his position. 

In the torchlight the bulb gives out light energy. This came from the chemi- 
cal energy stored in the cell, which moved along its path from the torch cell 

to the torch bulb, as electrical energy. These are all examples of the conver- 

sion or transformation of energy. Energy is capable of transformation from 

any one of its many forms to any other. It is interesting to note that when 

energy is transformed from one form to another there is no loss of 
This fact is known as the conservation of energy. 

Consider the energy changes in the followin 
Fig. 2.11) hangs from a nail by a string. It is 
released. Will it swing forever? If not, what h 
according to the conservation of energy is not 
one form to another? Would it swing foreve: 


string and nail have to be frictionless? Does t 
described? 


energy. 


g case. A metal weight (see 
drawn up on one side and 
аррепв to its energy which 
lost during conversion from 
Т Іп а vacuum? Would the 
he air get heated in the case 


does he get it from? In what form is this energy stored in the spring of the 
car? With what energy does the cat move? Are any other forms of energy 
released during the entire process? If so, what are they and when are they 
released? 


3. Energy converters in action 


The coal fire, the oil lamp, the running boy, and the electric torch are 
all energy converters since they convert energy from one form to another. 
All around us, and even within us, change and movement is taking place 
and these all involve energy conversions. So there are many energy con- 
verters in the Universe, including our own bodies, and their actions 
constitute the working of the Universe, and are therefore a subject of study 
in Physics. А weight swinging to and fro, which is described as a simple 
pendulum, is an energy converter rio less than the body of the running boy 
or the electric torch. Our work in Physics will take us through the study 
of many energy converters. We shall mention only a few of the more fami- 
liar ones at this stage. 

Have you ever thought of where the electricity which you can summon 
to your service at the press of a button comes from? It is made in different 
ways. In an electric torch it comes from the chemical nature of the torch 
cell, but on a large scale it is made by a machine called a generator. A gene- 
rator is an energy converter, changing the kinetic energy of a coil moving 
between magnets into electrical energy. The coil can be made to move in 
a variety of ways. One way is with the energy produced by burning diesel 
oil. In places where moving or falling water is available, this natural energy 


ПОРТА 
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Fig. 2.12 Hydro-electrification 


can be utilised to work the generator, and the process (shown in Fig. 2.12) 
is known as hydro-electrification. The electrical energy produced can be 
used to work electric lights, fans, heaters, irons, toasters and other electrical 
gadgets. At every stage you will see an energy converter in action. 
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A car engine is an energy converter. What is the source of the energy? 
Is there any evidence of burning? Trace the energy conversions from the 
time the car engine starts till it stops, the car having travelled along a level 
road and then up a hill. 

An electric train carrying hundreds of people from the suburbs to the 
city where they work or go to school, is an energy converter. What energy 
is being converted? From where does it come? To what forms of energy is 
it converted? 

The Sun brings about many energy conversions. It causes vast amounts 
of water to be evaporated, carried great distances through the air, and 
later released to fall as rain. Can you trace the energy conversions in this 
constant evaporation —condensation — precipitation process which is of 
such great importances in our lives, and which we describe as rainfall? Can 
you think of any other energy conversions the Sun is responsible for? What 
about photosynthesis? How did coal and petrol get their energy? 

We could go on and on dealing with energy converters, and we will do 
so right through our study of Physics. It is a most interesting and 
absorbing study, and a very important one, because it concerns the working 
of the Universe, and therefore our very own lives, as we are a part of our 
Universe, and have to depend on the other parts of our Universe. 


4. Energy and living things 


АП living things are made up of protoplasm. 
of bricks, our bodies are made up of cells, and the cells are made up of 
protoplasm. However, unlike the bricks of a building, the cells of our bodies 
are never at rest. They are in constant movement, as they carry on with 
their various duties. "They need a constant supply of energy for their move- 

1 This energy comes from the food we eat, In addition 


Just as a building is made 


езе sugars give off the energy 
means converted by combination 


varies, some foods producing 


І r БУ, weight for wei ht, tha 
heat energy given off by different foods, or the heat he of HT BRO 


as it is called, is measured in kilogram-calories i 

i » 15 » Which are ; 
Calories (spelt with a large С). А ‘kilogram-calorie’ or eee Nie 
amount of heat required to raise the temperature of one kilogram of x 
through 1°C. There is also the calorie (spelt with a small '€) which ЯРЫ 


; А is the 
amount of heat required to raise the temperature of one gram of water 
through 1*C. Thus we see that 1 Calorie or kilogram-calorie — 1000 


calories. 


The actual measuring of the heating effect, or calorific value, of a 
substance such as a fuel (like coal or oil) or а food is a difficult process. It 


is done їп а special apparatus, called а fuel calorimeter sometimes also 
called a bomb calorimeter, (see Fig. 11.3, p 121) which consists of a large 
container constructed so as to prevent loss of heat from its interior. Inside 
this container is a smaller one which holds one kilogram of water. A third, 
still smaller container is suspended in the water. One gram of the material 
to be tested e.g. coal, oil, chocolate, is burned inside the smallest container. 
The heat energy given off as the material burns raises the temperature of 
the surrounding water. The increase in temperature of this water is 
measured with a thermometer. The calorific value of the material burned 
is determined from the increase in temperature of the kilogram of water. 
For example if its temperature is increased by 1°C, then the calorific value 
of the fuel or food is 1 Calorie per gram, if its temperature is increased by 
2°C, then the calorific value is 2 Calories per gram, etc. 

clear from what has been said above that our bodies are energy- 
є food we eat, and that the fuel calorimeter is also an 
imitating the action of our bodies on the food whose 


It is quite 
converters of th 
energy-converter, 
calorific value is being measured. 


| ЖЕЗ thermometer 


water 


burning 
walnut 


Fig. 2.13 Heat from a burning walnut 


You can carry out yourself a simple experiment to show the change of 
food energy to heat. Get a small tin can or a glass beaker. Place half of a 
cup of water in the can or beaker. By weighing the can or beaker empty, 
and again with the water, you can find the weight of the water. It would be 
about 100g. Place a thermometer in the water. Set up a shelled walnut, 
having weighed it, under the can or beaker as shown in Fig. 2.13. Support 
the walnut on straight pins. Take the temperature of the water. Light the 
walnut with a match. The oils in the nut will burn easily. Watch the 
thermometer. Note the rise in temperature of the water. Can you calculate 
the calorific value of walnut from the weight of the walnut burnt, the 
weight of the water taken and its rise in temperature? Will our answer be 
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very accurate? What main precaution have we not taken, which the fuel 
or bomb calorimeter is carefully designed to take? 


Questions 


I 


- 


In each case select the answer that best completes each statement. 
(i) The ability to do work is (а) energy, (b) heat, (c) chemical change, 
(d) height. 

(ii) In a torchlight cell the electrical energy is obtained from (a) work, 
(b) chemical energy, (c) magnetic energy, (d) heat. 

(iii) When human beings do work, the ene 


city, (b) machines, (c) from their hands, 
eaten. 


rgy comes from (a) electri- 
(d) from the food they have 


(iv) Burning is a process in which the burning substance combines 
with (a) energy, (b) oxygen, (c) carbon dioxide, (d) heat. 
(v) In engines such as car engines, jets and rockets, 


the energy which 
does the work is (a) magnetism, (b) electricity, 


(c) heat, (d) air. 
Name five different forms of energy, and for each different form state 


one effect or result it can produce. 


Trace the energy conversions in each of the following i.e. whenever 
there is an energy conversion, and there can be more than one in each 
of the given cases, name the form of energy which changed, and name 
the form of energy it becomes. 

A boy shoots an arrow out of a bow. 

А rock crashes down a mountains 
Two stones are struck together and produce a Spark, 
The working of an electric heater. 

A simple pendulum Swings to and fro till it eventually comes to 
rest, 


Some water is boiled оп à gas cooker, 


ide crushing a hut below. 


ono с» 


Explain how each of the followin 
a the human body, 

b the engine of а motor car, 

с а green plant, 

d a coal fire. 


g is an energy-converter, 


Describe three energy conversions brought about by the Sun. 


Give two of the reasons why a living being requires food. Describe 
briefly how the heat value of a food is found by experiment. In what 
unit is it measured? Define this unit. 


3 
Matter 


Havinc studied energy in the last chapter, we now turn our attention to 
the other aspect of our Universe, matter, which is anything that has weight 
and occupies space. 


1. Evidence for the fine division of matter 


I can get large lumps of sugar and smaller ones. How big is the smallest 
grain of sugar I could ever get? If I had a very sharp knife and a very 
powerful microscope and kept cutting a piece of lead into smaller and 
smaller pieces, could I go on and on forever cutting the lead into smaller 
pieces, or would I have to stop at some stage because I had come to the 
smallest piece and could not go any further? The following experiments 
will help us to find the answers to these questions. 

Look at a photograph in a newspaper. The light and dark parts seem 
to blend smoothly into each other. Now look at it through a magnifying 
glass or a microscope. Notice that what appeared to be smooth and un- 
interrupted shading now presents the appearance of a number of grains 
or particles, the darker parts having more of these to a given space than 
the lighter parts of the photograph. 

Look at some grains of finely powdered chalk under a microscope. Now 
mix some of this powdered chalk with water, and filter the mixture. The 
water goes through the fine holes in the filter paper, but the chalk cannot. 
Jf both of these аге made up of small particles, what does this tell us about 
the size of water particles compared with the chalk particles? 

Blow up two identical balloons, one with your own breath, and the other 
with hydrogen gas from a Kipp's Apparatus — your teacher will show you 
how to do this. Seal the necks tightly and see which balloon goes down in 
size quicker. Try a balloon filled with water also. A particle of air must 
be very small if it is able to get through the rubber skin of a balloon, 
and hydrogen gas particles must be even smaller because the hydrogen- 
filled balloon goes down first. Also the gas particles must be moving, 
otherwise they would not have pushed their way through the skin of the 
balloon. Note that the water particles did not move through the skin of 
the balloon. Does this mean that the water particles are not moving? 

Gold can be beaten thinner and thinner until it becomes so thin that we 
cannot handle it with the fingers. Fine working with this, like putting it 
on to glass in the form of letters, is done by breathing gently on the very 
thin gold foil and so moving it into place. Hold a very thin gold leaf 


15 


copper sulphate 


Fig. 3.1 Adding water above copper 
sulphate with pipette 
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between two microscope slides up to the light and you will find that you 
can see through it. Light cannot pass through a thicker section of gold. 
Why does it pass through the thinner section? 

One gram of potassium permanganate crystals is dissolved in 1 000 cm? 
of water, and we get a pink coloured solu 
removed and put in 1 000 cm? of pure water contained in another beaker. 
We get a more dilute pink solution, and 1 cm? of this is removed and put 
іп 1 000 cm? of pure water contained in Yet another beaker. Can you still 
detect the pink colour? If I remove 1 cm? of this last solution what fraction 
of the original 1 gram will it contain? If you have worked it out correctly 
your answer should be 1000 000006 aa 000 9r -000000001 gram. Clearly we could 
continue with the process, 
water and so on. 


By now you should have formed the idea that w 
very small particles. Let us now 
If we were to put a 1 


putting this 1 cm? into another 1000 cm? of 


е can divide matter into 
make a few more experiments. 

arge pile of small marbles or lead shot in a large 
flat tray and shake it, what would happen? How many layers of marbles 
or lead shot would we get? Now, if a drop of oil is considered to bea 
collection of particles, just as the large pile of marbles is a collection of 
marbles, and if a drop of oil is placed on the surface of water, to what 
thickness would it spread? Clearly from what we saw in the case of the 
marbles, the oil drop should spread outwards on the surface of the 
water till its surface area was as large as possible and its thickness was as 


small as possible, i.e, the thickness of the smallest. particles Which make 
up the oil drop. 


Fill a beaker to the brim with water a 
overflow? Now fill a beaker with smal. 


ЈЕ we mix 50 cm? of water with 50 стз of alcohol, we would expect to 
Bet a total volume of 100 cm? of the mixt in fact that the 


and lead shot and getting less total volume than the two ipe | 
It must be that some empty spaces exist in the Water and alcoho] 3 d this 
could only be if each consisted of particles, vie 
Stand at one end of the room while someone Sprays а small amount of 
perfume into the air at the other end, How long does it take before you 
smell the perfume? How did it re: j i z 
perfume vapour Was m: 
are moving. Let us see if this h 
solution at the bottom of ар] 
layer on top of the copper s 
can be done with a Pipette 


hat these particles 
t some copper sulphate 
water so that it forms a 


lution without disturbing it, This 
as shown in Fig. 3.1, How long does it take 


tion. 1 cm? of this solution is ` 


before the two liquids mix completely? What does this tell us about how 
fast the particles move in a liquid as compared to their rate of movement 
in a gas? You must also realise that the perfume vapour particles had a 
longer distance to travel. The movement of the particles of one substance 
through the particles of another substance, like the particles of perfume 
moving through the particles of air, is due to the movement of both types 
of particles. The particles of air, which are also moving, helped to speed 
the particles of perfume on their way by bumping them along. The parti- 
cles of water and the particles of copper sulphate solution in the next 
experiment bumped each other about until both were evenly spread 
throughout the mixture. This process is known as diffusion. It is clearly 
more pronounced in gases than in liquids. How strong do you think it 
would be in solids? 


microscope 


microscope 
slide 

drop of milk 

cover 81р апа water mixed 


Fig. 3.2 Observing Brownian motion in а liquid 


One final bit of conclusive evidence about the particle nature of Leer ? 
what is referred to as Brown ian Motion. То show ж Қыл ху 
іп motion study the behaviour of particles of fat e PA desk aa 
mixing milk (which consists of particles ка че E mistuts under a 
water in equal volumes and examinis d hh rotein are seen to be 
microscope (see Fig. 3.2). The particle Б jus б, the папа у particles 
pushed this way and that, and this Gu реке eed of the particles, 
of the water. It is interesting (0 see the аи тај ји А did 
the lighter ones being pushed more strongly than нези botanist, in 
movement was first discovered by Robert Вга T ian Motion Brows 
1827 and so it is called Brownian MOV i ae d uide and it 
died without ever knowing the real cause o: as di E гегу were ncs 
was a long while before the full implications p uw кик of matter. We 
Brownian motion is definite aba Uh PLE a glass tube with 

a nian M x i 
TE SENA N under a шізсговсоре, how the smoke particles are 


pushed about by the air particles (see Fig. 3.3). 
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microscope 
lens bulb in 
holder 


microscope 
cover slip 


smoke cell 


Fig. 3.3 


Observing Brownian motion in a smoke cell 


2. The Kinetic Theory of matter 


We are now in a position to conclude that all matter, 


Ог gas, is made up of small particles. To these sma 
molecules, or ‘little masses’, 


a state of movement, In a sol 
together and do not move so vi 


whether solid, liquid, 
ll particles the name 
has been given. These molecules are in 
id, the molecules are more closely packed 
gorously. In a liquid they are slightly farther 


ition of a body is a 
of the kinetic 
possessed by the body, while 
the temperature of the body. 


energy of all the particles is the heat energy 
thc average kinetic energy of the particles is 
Thus a red hot nail is at a higher temperature than a large tub of lukewarm 
water because the average kinetic energy of its particles is much higher, 
but it has less heat energy than the water in the tub because the number 
of particles in it is much less, and so the total kinetic energy of all the 
particles in the nail is less than the total kinetic energy of all the particles 
in the tub of water. Similarly, a spoonful of water taken from the tub of 


| 
| 
| 


lukewarm water, before it is allowed to cool, will be at the same temperature 
as the rest of the water in the tub, but will have less heat energy than it 
because of its smaller number of particles. 
When heat energy is applied to a body, 
vigorously with the increased kinetic energy, and they vibrate through a 
correspondingly greater distance, which means that the volume of the body 
increases, or, in other words, it expands. New, molecules are fairly close 
together in solids and liquids and much farther apart in gases, and they 
vibrate far more freely in gases than in solids and liquids, although slightly 
more freely in liquids than in solids. This means that the expansion of 
solids and liquids will be fairly similar to each other, but quite different 
from the expansion of gases which is considerably greater for any given 


volume. 


its particles vibrate more 


3. Applications of expansion 


copper 


Sea a ATENEO 


pera ae Еее А eee ea 


nazi 
—s 


& 1 A 
Cay on cooling P» ее 


Fig. 3.4 Curving of a bimetallic strip 


Consider a bar of copper riveted to a bar of iron as shown in Fig. 3.4. A 
length of copper will expand or contract more than an equal length of iron 
for an equal rise or fall in temperature. This means that this compound 
bar will curve with copper on the outside when heated, and with iron on 
the outside when cooled. The curving of bimetallic strips is put to use in 
thermostats, which are arrangements for keeping the temperature produc- 
ed by any heating arrangement steady at a given value. For example, the 
temperature of an electric iron that has been plugged in would rise higher 
and higher, and the iron would burn the cloth unless the plug is pulled 
out to stop the heating. Then the iron soon gets cold and the plug must 
again. This сап be done automatically, which saves the bother 
gin and taking it out repeatedly, by using a bimetallic 
] connections inside the iron. Its action is shown in 


be put in 
of putting the plu 
strip in the electrica 
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contact made 


contact broken 


current 
flows to ? E 


current does 
electrical 


not flow to 
current from || appliance тоте 
mains appliance 


current 
from 


mains 


Fig. 3.5 Action of a bimetallic thermostat 
Fig. 3.5. As the temperature of the electric iron ri 
(which can be set on a dial according to the t 
the bimetallic strip bends and curves away, breaking the contact and stop- 
ping the flow of current. When the iron cools back to the suitable tempe- 
rature, the bimetallic strip straightens out, Testoring the contact, and 
allows the current to flow again and provide heat. A bimetallic strip can 
also be used in automatic fire alarms, Fig. 3.6 shows how this is done. As 


the temperature rises, due to a fire, the bimetallic strip curves and makes 
contact with a contact screw thereby completing a circuit and causing an 
alarm bell to ring. 


ses past a particular value, 
ype of cloth being ironed), 


ЛУ 


battery 


electric bell 


Fig. 3.6 Automatic fire alarm 


А mixture of nickel and steel in the proportion 20% by weight of nickel 
to 64% of steel produces the alloy "nvar which expands so very slightly fixed i: 
on being heated that its expansion can be considered to be almost nothing. 269 паа! РШ 
This means that a compound bar of invar and another metal will curve qe 
with invar on the inside when heated, and with invar on the outside when 
cooled. 

Expansion and contraction 


enter frequently into our everyday lives. This heat 
can be appreciated more fully when it is realised what great forces are piece 
brought into play during expansion and contraction. Here is an example 

which is known as the ‘bar breaker’ (see Fig. ЭЛ). А metal vod is fixed at 

one end and has a hole running through it at the other end. When the rod 

is cold, this hole falls within a fixed metal piece through which the rod 

passes. When the rod is heated it expands and the hole аа and a stout E 

metal pin is placed through it. On cooling, the rod contracts io its original = 
posiuon, and the stout metal pin snaps like a matchstick, as the hole 


retreats to its original position. 
pin snaps as rod cools 
Fig. 3.7 To show the great for 


brought about by 
contraction 


tween railway tracks to allow for expansion 


Fig. 3.8 Gaps be 


st be left between sections of railway track or they would buckle 
t from the atmosphere. Fig. 5.8 shows how this section of 
are strung from pole to pole, they are strung metal roof 


Gaps mu 
as they expand with hea 
is done. When electric wires 


with some sag, to allow for contraction during very cold weather or they can turr 
would snap оп contraction if fitted in a straight line from one pole — as roof 
to another. The metal roof of a shed must not be firmly fixed to the wall. expand 
Fig. 3.9 shows how it is arranged to allow for expansion during very hot 

weather. The fitting of the rim of a cart wheel is done by contraction. The 

rim is made of such a size as would fit tightly over the wheel. It is heated — wall 


so that it expands and can be slipped over the wheel. On contraction it fits 
tightly and firmly over the wheel. Many more expansion and contraction 
effects will be discussed as we continue our study of Physics. In the mean- 
nd think of some more examples e.g. how to loosen the metal 


time try a 
ar, the use of mercury in a thermometer, etc. 


cover of aj 

Fig. 3.9 Metai roof of a shed — 
fixed so as to allow 
for expansion and 
contraction 


4, Gas Pressure 
ited than that of a solid or a liquid, 


a gas is more complica 
perature. The weight of any given 


The expansion of 
t depend only on tem 


because it does ПО 
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Fig. 311 The Bourdon Gauge 


The principle of the 
Bourdon Gauge 


volume of gas is considerably less than the weight of the same volume of’ 
solid or liquid. This means that in a gas the particles are spaced much 
farther apart, in which case a gas must be more compressible than a liquid 
or a solid. Also since the particles of a gas are moving in all directions with 
almost complete freedom, they will strike against the walls of any container 
which seeks to contain them. This impact of gas particles on the walls of 
its container is described as the pressure of that gas, and the container 
presses on the gas with an equal pressure to keep the gas contained. Thus 
the volume of a gas does not depend only upon its temperature, but also 
оп its pressure, as Fig. 3.10 will show. Gas is contained in a vessel by means 
of a movable plunger. As the force exerted by the plunger on the gas is 
lessened by raising the plunger, the pressure of the gas is lessened and its 


ә 
с 
а 
с] ргеѕѕиге pressure 
plunger 3 decreased increased 
tube @ 
о. 
ГГА 
Т 
Pressure ж? 
to be gas -> 
measured 


уу 


Fig. 3.10 Volume of a gas depends on its pressure 


volume is increased. As the force exerted b 
increased by pushing the plunger down, 
and its volume is decreased. 


y the plunger on the gas is 
the pressure on the gas is increased 


Ci air sucked out 


= 
(4 iS atmospheric less than 
pressure atmospheric 
ук Pressure 


Fig. 3.13 Drinking coke through a straw 


One way of measuring the pressure of а gas is by the Bourdon gauge 
shown in Fig. 3.11. It works on the simple principle shown in Fig. 3.12. The 
greater the pressure of the gas the stronger the tendency of the coiled tube 
to straighten out. Its tendency to straighten out can be indicated by the 
pointer on the scale. M 

The most common gas is air, and the pressure of this gas is of great 
importance to us. Consider the simple act of drinking through a straw as 
shown in Fig. 3.13. It is the pressure of the air or atmosphere which forces 
the drink up into the straw. If there was no atmospheric pressure we could 
not drink through a straw. Many other similar happenings, of greater 
importance in our lives, like pumping water up to overhead tanks, or 
giving an injection, would also be impossible if there was no atmospheric 
pressure. The pressure of the atmosphere is quite strong, as can be seen 
by the fact that it can crush a strong can as if it were a matchbox. This is 
shown in Fig. 3.14. When the can contained air the pressure of this air 
balanced the pressure of the air from outside. When the air was removed 
from inside the can, there was nothing to balance the pressure of the air 
from outside, and it crushed the can. 

Fig. 3.15 shows two hemispheres which can fit together to form an air- 
tight sphere. As long as there is air inside the sphere to balance the pressure 
of the air outside, we can separate the hemispheres easily. But when the air 
is withdrawn from within the sphere, it takes a terrific force to pull against 
the air pressing on the outside of the sphere. This experiment was per- 
formed by Otto Von Guericke in a place called Magdeburg in Austria in 
the year 1651. Two teams of sixteen horses were needed to separate the 
hemispheres which were 1 foot in diameter. Such hemispheres are now 


referred to as 'Magdeburg hemispheres'. 


air presses on the 
sphere from outside 


air presses on the 
sphere from outside 


air withdrawn 
Hemispheres very difficult 
to separate 


Hemispheres easily 
separated 


Fig. 3.15 The Magdeburg Hemispheres 


air pressure on the outside 
balanced by air pressure 
on the inside 
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air pressure on the outside 
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Fig. 3.14 
‘Crushing the Can’ experiment 


Pressure of atmosphere 


Fig. 3.16 


‘Imitating the lung’ experiment 


Fig. 3.16 is another example of air pressure. A deflated balloon is 
attached to a tube passing through the stopper of a glass bell jar. As the 
rubber sheet closing the lower end is drawn outwards, this increases the 
volume of the air inside the bell jar and outside the balloon. This lowers 
the pressure on the outside of the balloon, and the pressure of the air inside 
the balloon pushes the rubber of the balloon outwards, thus inflating it. 
As soon as the rubber sheet is released and returns to its original po 
the balloon is again defl 


on, 
ated, because the pressure on the outside of the 
balloon is again raised to its previous strength. This same pressure that 
crushed the сап, and kept the hemispheres together, acts on our bodies all 
the time but we do not feel this because there are fluids within the body 
which provide a counter-balancing pressure, and we are adjusted to this 
balance. It is only when the pressure of the atmosphere 
changed and this balance is upset that we feel discom 
person goes down from the high mount 
fort felt until that 
Aircraft which fly a 


on us is drastically 
fort. Thus when a 
ains to sea level, there is a discom- 
person adjusts to the greater pressure at sea level. 
t great heights must have their passenger cabins ‘pres- 
surised', i.e. the pressure inside the cabins must be increased sufficiently, ог 
the passengers would feel great discomfort, in fact serious illness, at the 
greatly reduced atmospheric pressure of the high altitudes. 

Another important effect of atmospheric pressure is its influence on 
weather. Air moves from high pressure to low pressure, so if the atmosphe- 
ric pressure at any place falls, winds will blow in to that place carrying 
rain with them. If the atmospheric pressure falls appreciably, it means bad 
weather ahead. 

АП this shows that a knowledge of the atmospheric pressure is impor- 
tant. The instrument used for med uring atmospheric pressure is the 
barometer. There are two types of barometer. The first is the liquid baro- 
meter, shown in Fig. 1.9. Here the pressure of the atmosphere supports a 
column of liquid in a glass tube. The stronger the pressure of the at- 
mosphere, the longer the column of liquid it can Support. Thus the 
height of the liquid column supported, as measured by the metre scale, is a 
measure of the atmospheric pressure at that place. At sea level the pressure 
ol the atmosphere could support a column of water about 10.3 metres 
high. This would be inconveniently high, so we use a liquid which is 
heavier and the height of whose column supported by the atmosphere 
would therefore be less. The heaviest liquid available is mercury which 
is 13.6 times heavier than water, Its barometric height would be 13.6 times 
less than that of water and, at sea level, would ђе about 76 cm high, This 
ie in bor But een et tometer convenient Тг 
liquid is used, makes the instrument и шл үнс Г oe 
portable form of barometer is the second type whi r3 rte / 
Баја and is therefore called an aneroid pos RU dap 

3 › the 
meaning “without liquid’, The working of an 
shown in Fig, 3,17. , 


word ‘ancroid 
aneroid barometer is 

A is a partially evacuated box with 
partially evacuated to make it more res 
pressure, and its undulating surf 


a wavy undulating surface. It is 
ponsive to variations of atmospheric 


ace presents a greater area than a flat sur- 


Fig. 3.17 Working of an aneroid barometer 


face would, and so experiences a greater total force. As the atmospheric 
pressure P increases, the top of the box is moved down, lowering the light 
bar attached to it. This lowers B, which also lowers C, and this causes D 
to rise through a considerably greater distance. This winds the thread on to 
the spindle E, which turns the spindle in a clockwise direction, thus moving 
the pointer I toa reading of higher pressure. If the atmospheric pressure P 
decreases, the light bar rises, which raises B, and raises C, and therefore 
lowers D through a correspondingly greater distance. This winds the thread 
off the spindle E, thus turning it in an anti-clockwise direction which moves 
the pointer to the left to a reading of lower pressure. The spring S is to 
prevent the box A from being completely crushed or damaged by too heavy 
an increase in atmospheric pressure. As the atmospheric pressure decreases 
the higher up we go into the atmosphere, this instrument can also be used 

strument for measuring altitude, or height 


as an altimeter i.e. as an in 
above sea level. Its main advantage is its portability. Very small models can 


be made which can be worn on the wrist like a watch. 

At sea level the atmosphere presses on every 1 cm? of surface with a 
force slightly greater than the weight of 1 kg. Calculate the area of the 
surface of your desk, and calculate the force with which the air presses 
down on your desk. Can you make an estimate of the total force the air 


exerts on your entire body area? 
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Questions 
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What is meant by ‘Brownian Motion’? Briefly describe ап experi- 
ment to demonstrate Brownian Motion in a liquid, and another to 
demonstrate Brownian Motion in a gas. 


What is meant by ‘diffusion’? Briefly describe an experiment to 
demonstrate diffusion in gases, and another experiment to demons- 
trate diffusion in liquids. 


How do you explain that: 

a When 50 cm? of alcohol and 50 cm? of water are mixed, the final 
volume is less than 100 cm?. 

b When salt is added to a beaker filled to the brim with water, the 
water does not overflow. 

c When a mixture of finely powdered chalk and water is filtered, 
the water passes through the filter paper but the chalk cannot. 


Explain the main points of the Kinetic theory of matter. Why is it 
called the 'Kinetic' theory? 


Define heat and temperature in terms of the Kinetic theory. 


Distinguish between solids, liquids and gases in terms of the Kinetic 
theory. 


Draw a diagram to show how a bimetallic strip can be used to 
automatically stop and start the current to an electrical appliance. 


Mention two examples of expansion and contraction in daily life. 
Explain, with the help of diagrams, the effect of the expansion or 


the contraction, and explain whether it would be a help or a 
hindrance. 


Draw a diagram to show how a bimetallic strip can be used to start 
an automatic fire alarm. Briefly explain how the fire alarm works. 


a Describe an experiment to show tha 
iron when both are heated the sam 
b Explain why a dent can often b 
by holding it in front of a fire. 


t copper expands more than 
e. 


€ removed from a ping-pong ball 


What are pressurized cabins on passenger aeroplanes? Why are 
they necessary? 


Why can a barometer, which measures air 


x 0 pressure, be used to 
measure the height of a mountain? 


a Explain why you can draw lemonade through a straw by suction. 


b The straw sometimes collapses when an orange pip or lemon 
seed gets stuck in the open end of it. Explain why. 


€ Is there any limit to the length of the straw which could be used? 
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а Describe how you would set up and use a simple mercury baro- 
meter. 

b Why is water not suitable for use in a barometer? 

c Would a barometer read lower inside a building than іп the 
open, owing to the roof? 


Explain why, giving reasons in each case: 
a Passengers in aeroplanes flying at considerable heights often find 


that their fountain pens leak. 

b A tin can with a screw stopper contains a little water. The can 
is heated, the water boils and steam issues plentifully. The heat- 
ing is stopped, and the can quickly stoppered. As the can cools 


it gets crushed. 
Explain, with the help of a diagram, the working of an aneroid 
barometer. 
Explain with a diagram how the filling system of a pen works. 


Unscrew the cover and examine the filling section of your fountain 
pen, and then write your answer. 


Explain, with the help of a diagram, how a Bourdon pressure gauge 
works. 


4 
Detecting the Environment 


WE have said in Chapter 1 that in Ph 
Universe, and that eve 


ng, touch, taste and sme 


always be relied on to 
and that we need instruments to do 


, for normal 
iently accurate information. You are 
class you listen to the teacher, and see 


tent from our environ- 
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Fig. 4.1 The structure of the eye 


optic nerve 


The eyeball is approximately spherical in shape and about 2.5 cm in 
diameter, The wall of this sphere is composed of two major layers, an outer 
layer and an inner layer. The outer layer, called the sclerotic, is a tough, 
opaque, white substance forming the white of the eye. The front portion 
of this sclerotic coat forms a transparent curved section called the cornea 
that protects the eye. The inner layer, the choroid coat, is black to prevent 
internal reflection and to protect the light-sensitive parts of the eye. The 
vitreous humour and aqueous humour are jelly-like materials filling the 
spaces within the eyeball and helping to keep it spherical in shape. Behind 
the cornea is a coloured diaphragm called the iris. This is really an exten- 
sion of the choroid coat and its colour varies with different human beings. 
In the centre of the iris is a circular opening called the pupil, which appears 
black owing to the black interior of the eye. The iris contains muscles that 
dilate and contract the pupil, adjusting the eye to different amounts of light. 
The pupil is dilated in dim light and contracted in bright light. This 
action occurs involuntarily i.e. without any control on our part. Behind 
the pupil and the iris is the crystalline lens. This is a transparent body 
whose curvature in front is considerably less than the curvature of its back 
surface. This lens is held in place by suspensory ligaments which are 
attached to the choroid coat. In the choroid layer, near the suspensory 
ligaments, are small ciliary muscles. These muscles are very important 
because their action can adjust the thickness of the eye lens to just the 
correct curvature for seeing an object at a particular distance. The closer 
the object looked at, the thicker and more curved the eye lens has to be to 
see it clearly. The eye lens is at its thinnest when looking at very distant 
objects. This power of the ciliary muscles to adjust the curvature of the 
eye lens is called the power of accommodation of the eye. The eye sees an 
object by the light from that object that passes through the eye lens and 
forms an image of it on the retina, which is the innermost layer of the eye 
and is sensitive to light. The sensation of the image formed on the retina 
is carried to the brain by the optic nerve. As this sensation is received by 


the brain, we ‘see’ the object. 


(ii) The action of a camera 


image 


pin-hole 


2 


Fig. 4.2 Action of a pinhole Camera 


The simplest of all cameras is the pinhole camera which is an interesting 
application of the fact that light travels in straight lines. Its principle of 
action is shown in Fig. 4.2. It consists of an opaque box with a pinhole in 


the middle at one end, and a translucent screen (a piece of ground glass or 


oiled paper) at the other end. If a lighted candle is placed a little distance 


in front of the pinhole, an inverted image of the candle will be seen on the 
translucent screen. If we rep 


lace the translucent screen with photographic 
film or a photographic plate, a photograph of the candle can be obtained. 

The disadvantage of this very simple form of camera is the very long 
exposure needed, because of the small amount of light admitted through 
the pinhole. The photograph is recorded on the photographic film or plate 
by the chemical action of light on the chemicals with which the film or 
plate is coated. If very little light strik 
take longer for the chemical action to 
be recorded on the film or 
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Fig. 4.3 The eye and the lens camera compared 


То solve this problem 
is used. Fig. 4.8 shows th 
the eye, and so compares 
Note that whereas in t 
from the point A forme 


а convex lens which converges light on to a point 
€ action of the со 


nvex lens in the camera and in 
the two, showing that the еуе is in fact a camera. 
he pinhole 


аге enough. This means that the range of subjects that can be photographed 
is considerably increased. 


(iii) The Eye and the Camera compared 
1. Both have a convex lens which forms an upside-down, or inverted, 
image of the object. 
2. Both are blackened inside to prevent internal reflection. Any rays 
that are not to be received on the retina or camera film are absorbed 
by the black choroid coat, or black inside surface of the camera. 


8. Both can adjust the amount of light that enters the lens. In the eye 
the pupil dilates in dim light to allow more light in, and contracts 
in bright light to lessen the amount of light that enters. In the camera 
there is a shutter which can be adjusted to regulate the size of the 
opening through which light enters the lens. In dim light this opening 
is left quite large, and in bright light it is made much smaller. 


4. In the camera the image is recorded by the chemical action of light 
on the chemical (silver bromide) with which the photographic film 
is coated. In the eye the image is recorded in the brain by the sensa- 
tions caused by the light which falls on the retina and forms the image 


there, being carried to the brain by the optic nerve. 


5. In the camera, in order that the image of objects at different distances 
is always formed on the film and not in front of it or behind it, the 
lens must be moved back or forth to the appropriate position. In 
the eye, in order that the image of objects at different distances is 
always formed on the retina and not in front of it or behind it, the 
eye lens is thickened or thinned to the appropriate curvature by the 
action of the ciliary muscles. 


Note that whereas 1,2 and 3 are points of resemblance or similarity, 4 and 
5 are points of difference. 


(iv) Vision 
We shall now explain in greater detail the mechanism of vision, or, to put 
it simply, how we see things. 
The retina is an extremely complex film covering the greater part of the 
inside surface of the eyeball. It contains about 7 million separate nerve 
endings, called rods and cones because of their shape, which respond to 
light falling on them. The rods are sensitive to changes in the strength of 
light while the cones are sensitive to colour. Near the centre of the retina, 
where the image is formed, there are only cones. The rest of the retina has 
a mixture of rods and cones with the cones steadily decreasing in number 
away from the centre until there are only rods at the outer edges of the 
retina, There are about one million separate nerve fibres that connect 
these nerve endings, the rods and cones, to the brain. These one million or 
so separate nerve fibres make up what we earlier called the optic nerve. 
The optic nerve branches before it meets the brain so that the nerve fibres 
from the left half of each eye connect to one side of the brain, while those 
from the right half connect to the other side of the brain. 
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When an inverted image of an object falls on the retina, each rod and 


cone sends a series of nerve impulses to the brain. Several million of these 
impulses are carried by the Optic nerve to the brain every second and are 
somehow translated by the brain into vision of the object right way up. So 
vision is a mental action and does not take place in the eyes. For this reason 
brain injuries may affect the vision even though the eyes are perfect. 
How does the eye detect colour? The most significant fact is that the 
sensation of white can be preduced not only by all the colours of the 
spectrum together, but also by three single colours, red, green and blue. 
Further, it can be demonstrated that any colour sensation can be produced 
by blending these three colours in suitable proportions. Scientists still do 
not know exactly how our eyes react to colours; The most generally accept- 
ed theory is that the nerve-endings sensitive to colour, the cones, are of 
three types — one type sensitive to red, one to green, one to blue. If all 
three types are equally stimulated we see the colour known as white. Lack 
of stimulation of any of the three types, or receptors as they are called, 
gives the sensation of darkness or blackness. When red coloured light 
enters the eye, it stimulates only the red receptors and the sensation of 
seeing the colour red is produced in the brain. If only those receptors that 
аге sensitive to green are stimulated we see the colour green. When yellow 
light, however, enters the eye the red and green receptors are equally 
stimulated because yellow is a mixture of equal proportions of red and 
green. We see the colour known as magenta if the receptors to red and blue 
are equally stimulated and the green not at all, because magenta is a 
combination of equal parts of red and blue. This is a very simplified expla- 
nation of colour vision, and recent experiments in colour vision carried 


out by experts show that there are many more complications that cannot 
be gone into at this stage. 


An important feature of colou: 
defect of the eye which causes s 
which others can readily disti 


r vision is colour blindness, which is ә 


ome persons to confuse two or more colours 


nguish. It is believed that about 6 to 7 per 
t of women are colour-blind. Most 


4 » Breens and yellows, 
and violets. The first group of colours 


group of colours seem 


the blind spots. The existence of the blind spot can be demonstrated as 
follows. Close one eye, the left eye for instance, and look at the cross in 
Fig. 4.4 with the right eye. Although you are not looking directly at it, the 
black circle is also visible. Now move the book towards the eye, and at a 
certain position of the book the black circle seems to disappear. Its image 
has fallen on the blind spot of your right eye. You can find the blind spot 
one and staring at the black circle with 
ards you and at a certain position the 


of your left eye by closing the right 
has fallen on the blind spot of your left 


your left eye. Move the book tow 


cross seems to disappear. Its image 
eye. 


To show the existence of the blind spot 


Fig. 4.4 
Human beings have highly developed binocular (two-eyed) vision. 
Your two eyes receive nearly, but not quite, the same impression, for each 
ame time from a slightly different point. 
e time. You can judge the distance / 


eye views the same object at the 5 
This enables you to do two things at on ; t 
of an object and you can estimate its depth and size. Your brain learns by 
experience to blend the two images into one. ДА 
5) demonstrates how we сап | A 
wo eyes than we can with one. Have a /, 


The following experiment (see Fig. 4. 
ay from other objects. With another 
Fig. 4.5 To demonstrate the need 


e end of his wire when it is about 
for two-eye vision 
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How two-eyé vision helps us 


Fig. 4.6 
How two-eye vision enables us to fix the position of an object is simply 


explained by Fig. 4.6. The left eye tells us that the object is somewhere on 
the line LO, but does not tell us exactly where along LO. The right eye 
tells us that the object is along RO, but does not tell us exactly where along 
RO. The two eyes together tell us that the object is both on LO and on RO, 
33 
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Fig. 4.7 Optical illusions in 


shape and size 
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and therefore that it has to be where these two lines cross each other i.e. 
at the position O. 
We should also note that the size and position of nearby objects also 


helps us to estimate the distance, size and shape of any object we are 
looking at. 


Another very important factor connected with vision is illumination. 
Good vision depends not only on the proper functioning of the eye, but 
on good illumination as well: It is important to remember that illumina- 
tion depends both on the illuminating power of the source of light e.g. its 
candle power if it is an electric bulb, and on the distance of the source, 
and that illumination decreases rapidly the farther the object being looked 
at is from the source. 


For good vision the following points regarding illumination should be 
observed. 


1. The illumination must be su 


fficient. If it is too weak the eyes will 
be strained. 


2. The contrast between the illu 
and that of the surrounding: 
lit and the.rest of the room dark, the i 
each time you look away from your wi 


pupil is worked by muscles in the eyes, 


your eyes become tired sooner than they would if the illumination were 


more uniform, 
3. If a light is improperly placed when you are reading, there may be 
i d 'glare', on the paper. It is very difficult 


vered by glare. This glare can be avoided 
ting your work from the side or from behind. 


to see clearly 
by illumina- 


We have seen in this section that vision, our most highly treasured gift, 
is an extremely complicated process. To see a thing, to grasp all its 
features — its distance, its depth, its size — by the act of seeing it, involves 
a complex combination of many processes in the eyes, in the brain, and in 
the nerve system that connects the eyes to the brain, Like all highly compli- 
cated mechanisms, vision is easily upset. The following are some well 
known optical illusions. Those in Fig. 4.7 concern illusions in shape and 
size. Fig. 4.8 describes an illusion in colour. 


Fig. 4.7. Nos, 1, 2, 3. Look at lines ‘a’ and ‘b’ and visually compare their 
lengths. Now measure them. 
No. 4. Look at the horizontal lines ‘a’ and 'b Are they parallel? 
Check by measurement. 
No. 5. The inside square appears to shift back and forth. 


! see? Strike the tuni 
‘stem on a table top. What 


| Fig. 4.8. Copy out this figure. Shade the ring a uniform grey with 


pencil. Colour 


the rectangular area, except for that part of 


it which is part of the ring, black with black ink or paint. Does 
the ring look uniformly grey? 


Fig. 4.8 


2. The Ear and Sound 


(i) All sound is caused by v 
on your throat while you talk, you can feel some- 


If you place your finger 


thing moving. If you place 
d, you can feel the strings move back and forth 


instrument is being playe 
very rapidly. This back an 
strings, is called vibration. 

Strike a tuning 
against a pith ball as 5 
of the pith ball su 
rubber hammer, and dip i 


Optical illusion in colour 


ibration of the sounding body. 


your finger next to a guitar string while the 


d forth motion, in the throat and in the guitar 


fork with a rubber hammer and touch one of its prongs 
hown in Fig. 4.9. What does the resulting movement 
ggest to you? Strike the tuning fork again with the 


ts prongs into a beaker of water. What do you 


ng fork again with the rubber hammer, and press its 


do you hear? Is the table top also vibrating? If 


so, how was it set into vibration? 


(ii) AU vibration does not 


The number of complete 


cause sound. 


vibrations (back and forth movements) that a 


vibrating body makes in one second is called the frequency of its vibration. 
If an object vibrates at any frequency between 20 and 20 000 vibrations 
r second, its vibrations will affect the average human ear so that sound 


is heard. А person cannot 


wave his arms fast enough to produce sound, 


although bees can move their wings so rapidly that a buzzing sound is heard 


when they are flying. 


When vibrations occur too rapidly for the human ear to hear, they are 


Fig. 4.9 To demonstrate the vibration 
of a tuning fork 
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Fig. 4.11 


ting wires 
connecting AS 
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Sound cannot travel 
through a vacuum 
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called ultrasonic vibrations (‘ultra’ means 
sound). There is a type of whistle, known as a silent dog whistle, which 
produces vibrations of a frequency more than 20 000 vibrations per second 
which a human being cannot hear, but a dog, who can hear sounds caused 
by frequencies up to 40 000 vibrations per second, can hear the whistle and 
can be trained to come whenever it is blown. 

Ultrasonic vibrations can be put to many uses. Some dairies use them 
to kill the bacteria in milk and to break up the milk fat into very smalli 
particles. Milk that has been so treated will stay fresh for a longer period, 
and is more digestible. Ultrasonic vibrations are used in controlling smoke: 


and in clearing fogs. Paints, mayonnaise and face cream can each be mixed 
more evenly by using ultrasonic vibrations. 


‘beyond’ and ‘sonic’ refers to 


(11) A vibrating object produces a disturbance in the material surrounding 
it. 


d in the air Surrounding it, which 
аз the body keeps vibrating back and 


Fig. 4.10 Alternate compressions and rarefactions 
caused by a vibrating body 


forth (see Fig. 4.10). This sets u 


р а mechanical disturbance in the air, 
if the vibrations are within the 


limits of audibility i.e, between 20 to 20 
vibrations per second, this disturbance is called a sound wave. Here 


have described its production in air, but sound waves can also tra 
other materials like water or iron. There must be som 
to transmit the disturbance. Sound cannot travel th 
can be demonstrated by the apparatus shown in 
electric bell is operated within a jar containing air. The sound of the bell 
is heard. If the air is removed from the јат, the sound of the bell gets weaker 
and weaker, unti! finally it can scarcely be heard, although the bell can be 
seen to be operating as vigorously as ever. If all the air could be removed 
from the jar, there would be no sound from the bell. If air is readmitted 
into the jar, the sound will be heard again. 


and 
000 
ме 
vel along 
€ material substance 
rough a vacuum. This 
Fig. 4.11, in which an 


There can be no sound їп а vacuum because there is nothing around the 
vibrating object through which the mechanical disturbance (the alternate 
areas of high and low pressure described above) can travel to reach a 
person’s ear. This is one very important difference between light and 
sound; light can travel through a vacuum, sound cannot. 


(iv) The Human Ear 

The human ear is a delicate organ, parts of which control the body's sense 
of balance and parts of which are responsible for receiving sound waves 
and transmitting the effect of these to the brain. 


nerve to brain 


bony structure 


cochlea 


eustachian 
tube 


Fig. 4.12 The Human Ear 


Sound waves, collected by the outer ear, make the ear drum vibrate. This 
movement of the ear drum is conveyed through the middle ear by three 
bones, called the hammer, anvil and stirrup, to the oval window which is 

. at the innermost side of the middle ear. Beyond the oval window is the 
inner ear. The part of the inner ear which is concerned with hearing is 
called the cochlea. It is a spiral cavity, shaped something like a small snail 
shell, and filled with a fluid, A membrane called the basilar membrane, con- 
iaining about 30 000 nerve endings, passes along this spiral cavity. Vibra- 
tions of the oval window produce pressure changes on the fluid in the 
cochlea, and these pressure changes are picked up by the nerve endings in 
the basilar membrane which sends nerve impulses along the auditory nerve 
to the brain which interprets these impulses as the hearing of the sound. 
The ear does not hear — it merely receives sound waves which are trans- 
mitted as impulses to the brain. It is the brain which translates these 
impulses into sound. 
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toothed wheel (v) The pitch of the sound depends on the frequency of its vibration. 
a 


Fig. 4.13 shows a toothed wheel vibrating a card. As each tooth of the 

wheel hits the card it makes it vibrate, so the faster the wheel rotates, 

-i the faster the card will vibrate. The wheel is made to rotate faster and 

· faster, and as the card vibrates faster and faster the pitch of the sound it 
gives out rises higher and higher. 


firm card 


Fig. 4.13 Toothed wheel vibrating 
a card 


Fig. 4.14 Vibrating a metre stick pressed on table 


Press a metre stick against a table top so that part of it extends over 
the edge as shown in Fig. 4.14. Vibrate this part and listen carefully to the 
resulting sound. Vary the vibrating length and listen carefully to the 
manner in which the pitch of the sound varies. 

Fix one end of a rubber or elastic cord to a nail, hold the other end, and 
pluck the cord to make it vibrate, Listen carefully to the sound produced. 
Now hold the cord closer in so that a shorter length will vibrate. Pluck it 
and listen to how the pitch varies as the length decreases. Pull the cord 
more tightly and now pluck it, and listen to how the sound varies in pitch 
as the tension increases, In all the above cases we have varied the pitch of 
the sound by varying the frequency of the vibration which caused it. The 


Fig. 4.15 Rubber or elastic cord fixed to nails and plucked to vibrate 


more the frequency of vibration, the higher the pitch of the sound pro- 
duced. The less the frequency of vibration, the lower the pitch of the sound 
produced. 


(vi) How we hear sounds of different pitch. 


It is thought that the judgement of pitch by the ear is due to the structure 
of the basilar membrane. The 30 000 or so nerve endings it contains res- 
pond to different frequencies. Low frequency sounds stimulate some of 
these nerve endings, high frequency sounds stimulate others. For different 
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frequencies, the impulses sent to the brain are different, and the brain 


registers these as sounds of different pitch. 

It will be realised from this that pitch in sound corresponds to colour in 
light. The ear however is much more sensitive in this respect, and can 
detect differences in pitch more sensitively than the eye can detect 


differences in colour. 


(vii) Care of the ears. 
The ears are important organs and should receive proper care. One should 
never remove wax from the ear witha pointed object as this might damage 
the ear drum. It is dangerous to shout loudly in someone's ear, or to hit some- 
one on the ears, for the sudden pressure change caused by a loud noise or a 
sharp blow may injure the ear drum. You should also avoid blowing your 
nose too hard when you have a cold since the ear may become infected 
through the eustachian tube which connects the throat and the ear. 


Conclusion 

Living things respond to changes in their environment. Their success or 
failure depends on whether they make the right responses or not. Thus a 
flowering plant survives largely because its roots grow downwards into the 
soil to obtain a supply of water and minerals and because its stem grows 
upw-rds, so that leaves сап obtain light and carbon dioxide for photo- 
synthesis. In a similar way an animal's responses take it towards food and 
away from danger. Human beings possess special sense organs, and are 
therefore able to make more precise responses than other, lesser develop- 
ed, living beings. The human body has an elaborate system of receptors. 
Some of these like the organs of taste and smell are receptive to chemicals. 
There are also several types of touch receptors. This wide range of recep- 
tors is of great importance in our lives, for with them we can detect the 
environmenw апа can avoid what is harmful in it and move towards that 
which is pleasant or helpful in it. Some receptors respond to the slightest 
stimulus, while others are only stimulated by more intense stimuli, but 
when any receptors are stimulated sufficiently, signals pass along nerves 
leading from them to the central nervous system in the brain. Within this 
system the mass of information received from receptors can be acted upon 
immediately, or the reaction or response to the information is stored in the 
brain for future reference i.e. it is memorised. This is a highly simplified 
description of how we detect, and react to, our environment, that part of 
the Universe which is immediately around us. The detailed study of the 
senses is highly complicated, and falls into the area of biological science 


called physiology. 


Questions 


1 Explain the part played by each of the following in the protection 
and working of the eye: 
(а) cornea, (0) choraid coat, (c) pupil, (а) eye lens, (е) retina, (f) optic 
nerve. 
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What are ‘rods’ and ‘cones’? What part do they play in vision by the 
human eye? 


Why is a very long time exposure necessary for taking photographs 
with a pinhole camera? How does the convex lens in a lens camera 
lessen the time exposure required for taking a photograph? 


Explain three similarities between the human eye and a lens 
camera. 


Explain two differences between the human eye and a lens camera. 
Briefly explain the generally accepted theory of colour vision. 


What is meant by the ‘blind spot’ of an eye? How would you 
demonstrate its existence for each eye? 


In what ways is binocular vision more accurate and helpful than 
single eye vision? 


What four principles should be observed so that the best possible 
illumination is obtained for reading purposes. 


Which of the following statements is correct? 


a All vibrating objects produce sound. 
b All sound is produced by vibrating objects. 


Explain your answer fully, and with at least one example. 


What are ultrasonic vibrations? State two uses to w. 
be put. 


hich they can 
What is necessary for the transmission of a sound? Describe an 


experiment to show that sound cannot travel through a vacuum. 
Can light travel through a vacuum? 


Briefly describe what happens inside the ear from the time a sound 
wave enters the outer ear till the time the sound is heard in the 
brain. A diagram is not required. Your description should include 
the parts of the ear called the ear drum, the oval window, the 
cochlea, the basilar membrane and the auditory nerve. 


What is meant by the 'frequency' of a vibration? Describe an experi- 
ment to show that the pitch of a sound rises as the frequency of the 
vibration which causes it increases. 


Explain very briefly how we hear sounds of different pitch. What 
feature of light does pitch in sound correspond to? 


5 
Support and Movement 


1. The idea of a force 

What weight can you lift? You may be able to lift one of your friends. A 
weightlifter could lift 200 kg. A small child may have difficulty lifting 
a large dictionary. In each of the following cases compare the forces 
mentioned, Is the first force 10 times, 20 times, 100 times, 1000 times etc. 
greater than the second? The answers will be given at the end of the list. 
See how close you came to the truth. 


(i) The pull exerted by a car опа caravan, and the pull exerted by a 


small child on a toy сат attached to a string. 


(ii) The push exerted by a bulldozer on а pile of rubble, and the push 
exerted by a broom on à pile of rubbish. 

(iii) The thrust or push exerted by the hot, compressed gases in a Saturn 
rocket engine, and the push of the compressed air in a balloon which 
is blown up and released (see Fig. 5.1). 

(iv) The stretching of the spring ina spring balance when a lock is hung 
from its end, and the stretching of the same spring by the key of the 
lock. 
(v) The compression exerted by a steamroller on new tarmac just 
placed on a road, and the force exerted by a knife to spread butter on 
a slice of bread. ) 

(уі) The force exerted by а brick wall when it stops a car travelling at 
40 km/hr and the force exerted by the same wall when it stops a bullet 


travelling at 2 000 km/hr. 


In example (i) much would depend on the size and contents of the cara- 
van, but it would not be less than 1 500 kg. and the toy car would weigh 
about 1 kg, 50 the first force would be at least 6 000 times the second. 

In example (8) а pulldozer will move about 10 000 kg. while the broom 
will move about 4 kg. The first force will be 20 000 times greater than the 
second force. 

In example (iii), the Saturn rocket has five engines, giving a total lift 
of 3} million kg, each engine on its own giving a lift of about 750 000 kg. 
The balloon would give a lift of about i kg. The first force is about 


7 500 000 times greater than the second force. 


Fig. 5.1 Rocket and balioon going 
up due to release of 
compressed air 
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You can find the answer to example (iv) by actually doing the experi- 
ment with the lock and key and a spring balance. 
In example (v), a car's mass is about 1 000 kg. while that of a bullet is 


about EL "This means that the mass of the car is about 20 000 times 


greater than the mass of the bullet. But since the bullet is travelling fifty 
times faster than the car, the first force would be about 400 times greater 
than the second force. 

‚ Some other examples of forces that were mentioned in Chapter 2 are a 
moving stream of water turning a turbine, wind turning a grindstone, a 
falling weight driving a peg into the ground, the compressed spring in a 
toy car driving it forward, a bow string propelling an arrow through the 
air. These were used as examples of converting energy in some way. They 
are also examples of forces being exerted by something on something else. 
In each case decide what is exerting the force, and what is being affected 
by the force. 


Place a steel ball-bearing on the top of a table and exert forces on it in 
different ways. For example: 


(i) push the ball with your finger 
(ii) push the ball with a ruler 
(iii) direct а jet of water on the ball (e.g. by squeezing a jet of water from 
a 'squeeze' bottle) 
(iv) blow on the ball through a straw 
(v) attract the ball with a magnet 
(vi) tilt the table. 


In each case what happens to the ball to show that a force has been 
exerted on it? 

In the first three cases, the forces applied could be described as contact 
forces. 15 case (iv) an example of a contact force? The straw does not touch 
the ball. Does anything else touch the ball? In case (У) the magnet does 
not touch the ball. Does anything else touch the ball? Any force which acts 
on a body without there being any direct contact with the body, can be 
described as a force at a distance. 15 case (vi) an example of a 'contact force', 
Or a 'force at a distance'? Only the table touches the ball, and it also 
touched it before the tilting. What actually makes the ball move? What 
exerts this force on the ball? Consider each of the forces involved in the 
examples that were recalled from Chapter 2, and state, with reasons, 
whether each is а ‘contact force’ or a ‘force at a distance’. For example, in 
the case of the falling weight driving a peg into the ground, the force which 
moves the weight is a force at a distance, while the force which moves the 
peg is a contact force. 


Effects of a force 


In all the examples described above the force in question made the body 
move. Can a force have any other effect on a body? Consider that ‘force 
at a distance' which is called the force of gravity. If a body is thrown up 


into the air, what is the effect of gravity on the body? At first gravity 
reduces the speed of upward movement of the body, till at a certain height 
it comes to a complete stop for a moment, and then gravity increases its 
speed of movement downwards from zero to the same value that it started 
its upward movement with. 

Now can you think of a contact force which can stop the movement of a 
body? Does a ball which is kicked move along the ground forever? Does 
something exert a force on it? What do we call this force? What would be 
the effect of increasing the strength of this force, for example by kicking the 
ball just as hard along a gravel path? Gravity can slow ап object down, and 


can speed it up. Can this force produce the same effects? 
The last paragraph dealt with the contact force called friction. This 
force comes into action whenever one object tries to move over another. 
contact are rougher, and is less when 


Friction is more when the surfaces in 
they are smoother. Friction never makes things start to move or speed up. 
Friction between solid surfaces is usually reduced by (a) polishing the 


surfaces, (b) putting grease OF oil between the surfaces, (с) replacing sliding 
actions by rolling actions ¢-8- instead of dragging a heavy box along the 
ground, put it on a roller skate and then pull it along. 

If you could have a very large horizontal surface where there was no 
friction at all, what do you think would happen if an object was given 
a push across the surface? Would it keep moving in the same direction 
as it started? Let us now think of some examples in which bodies do change 


the direction in which they are moving. Here are three. 


a wall. In what direction does the 


(i) Throw a ball at an angle against 
does the wall have on the ball? 


ball bounce off the wall? What effect 
(ii) Place a strong magnet on a table, and roll a steel ball in a straight 
line near the magnet. What path does the ball take? What effect does 


the magnet have on the ball? 


end of a string and whirl it at a constant speed 


(iii) Tie a stone to the 
bove your head, What causes the stone to keep 


in a horizontal circle а 
changing its direction? 


е have learned up to this point, the effects that may 


To sum up what w 
з applied to an object are: 


occur when a force i 


1. The object may start to move ог stop moving. 


9. The object may speed up or slow down. 
3. The object may change its direction of movement. 


Now consider the effect of a force in compressing a spring, or in stretching 
a rubber or elastic cord. Has it produced any of the above effects? You 
would say that the force altered the shape of the spring, or the cord. So a 
force can change the shape of an object, but this is actually a case of 
producing а movement, because to change the shape of an object is to move 
its parts. 

Stick two pins near the ends of a rubber eraser, and apply downward 
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Fig. 5.2 


A rubber, with pins near 


its edges, being bent by 
forces at its edges 


Ц 


Fig. 5.3 


Iron weight suspended 
by a siring 


forces at each end of the rubber, as shown in Fig. 5.2. Does the shape of the 
tubber change? Do the pins move? 


Balancing forces 


a floor, and then pulling it with a heavy person sitting on it. Why does the 
of each example, but 


ing friction) do not 


all the remaining forces 
have been balanced out is called a resultant force. 


Why is it necessary for the engine of a car to cont 
the wheels to keep the vehicle moving at a 
road? Why must you continue to push on t 


inue to apply force to 
steady speed even on a level 
he pedals of a cycle to keep 


Interaction of forces 


Let us consider the forces which are exerted when you put this book on 
the top of a level table. The weight of the book is a downward force, but 
because the book does not move, there can be no unbalanced forces 
acting on it. The table top, therefore, must exert an upward force on the 
book equal to the downward force of the book on the table. 

In order to walk forward you must exert a force against the floor with 
your feet, while the floor pushes against your feet with an equal force in the 
Opposite direction. 

In each of these situations we have two objects. In the first case the 
book and the table top, and in the second case the foot and the floor, Two 
forces are involved in each situation. In the first, they are the force of the 
book against the table, and the force of the table against the book. In the 


second, they are the force of the foot against the floor and the force of the 
floor against the foot. In such cases, one force may be called the action, and 
the second the reaction. Isaac Newton summed up the ideas on the inter- 
relationship of such forces when he said ‘for every action there is an equal 
and opposite reaction’. 

We have been considering action and reaction in fixed objects, but 
Newton's statement is equally true if the objects are free to move. A man 


rows а boat towards the shore and when he is a metre away from it he leaps 
ce against the boat, and the boat exerts an 


ashore. In doing so he exerts a for 
equal but opposite force against him. Since both objects are free to move, 
the man’s force against the boat moves it in one direction, while the boat's 


force against the man moves him in the opposite direction. 

Suppose we fasten one spring balance to a fixed support and hook 
another spring balance to it, as shown in Fig. 5.4. If we pull steadily, we find 
that both balance readings are the same. The pull of the first balance on 
the second equals the pull of the second on the first. The action is equal 


but opposite to the reaction. 


10 newtons 10 newtons 


Fig. 5.4 Two spring balances, hooked together, being pulled apart 


hat if action and reaction are equal and opposite, move- 
ment will not occur. If two boys pull with equal forces in opposite direc- 
the object will not move. But this is not an example of 


tions on an object, 
action and reaction. There are in this case two balanced forces acting on 


the same object, whereas action and reaction act on different objects. When 
a gun shoots out a bullet, the action is the force of the gun on the bullet, 
while the reaction is the force of the bullet on the gun. 

Imagine that you were pulling on a rope fixed to a wall. Is the wall 
pulling on the other end of the rope? What would happen if the rope were 
to break while you were pulling on it? Imagine that you were pushing on 
a swing door that is bolted. Does the door push back on you? What would 
happen if the door suddenly stopped pushing because someone released 


the bolt? 


You may think t 


Measuring forces 


Forces cannot be measured directly; they must be measured by the effects 
they produce. The effects produced by forces can be summarised as: 


(i) changing the movement of bodies, 
(ii) changing the shape of bodies i.e. bending or stretching them, 


(iii) balancing other forces. 


The second effect is the most convenient to deal with. Suppose I use а 
rubber band. A force that stretches it by 2 cm is double the force that 
stretches it by 1 cm. If a certain force stretches it by j cm it is half that 
force which stretches it by 1 cm and it is one quarter that force which 
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stretches it by 2 cm. We now begin to see the need for some standard force 
with which we can compare other forces. The unit in which forces are 
measured is called the newton. The force with which gravity pulls a 1 kg 
mass is almost 10 newtons (9.8 newtons to be more exact). We can therefore 
use a spring balance to measure force, changing the readings 1 kg, 2 kg, 
3 kg, etc. to 10 newtons, 20 newtons, 30 newtons etc. If the spring balance 
i is marked in gm we can mark it in fractions of a newton remembering that 


the pull of gravity on a mass of one gm is 146 newton ог .01 newtons. 


Draw diagrams to show how you would use а spring balance to measure 


(i) The force with which a child pulls a toy car attached to a string. 
(ii) The force of friction between a book and your desk as you pull the 
book along the desk. (Remember we said earlier, in the section on 
‘Balancing Forces’, that by balancing the opposing friction force with 
another force we can keep an object moving at a constant speed), 


(iii) The force I һауе to exert on a ћеау 


у object to keep it suspended at 
the end of a string. 


‘Turning forces 


If a force is applied to a body which is fixed at a point, the force will not 
be able to move the entire body through any distance, but will turn the 
body about its fixed point. The turning effect that the force will exert on 


sheet of metal with hole 
at A through which nail passes 


4 newtons 


eo 
6 newtons 294 ¥ 


Fig. 5.5 illustrating the principle of moments with 
two forces acting on a body 


the body depends not only on how strong the force is, but also on where it is 
applied. Where do you get greater turning effect on a door, by pushing 
closer to the hinges or farther away from them? How can a smaller child 
balance a bigger person when sitting on opposite sides of a seesaw? The 
turning effect is actually measured by the product of the strength of the 
turning force and its perpendicular distance from the fixed point. This 
product is called the moment of the force. Look at Fig. 5.5. The body does 


not turn because the moments ог turning effects of the two forces are equal 


and opposite. 
Look at Fig. 5.6. The body does not turn because the moments, or 
turning effects, in the clockwise direction are equal to those in the anti- 
known as the principle of 


clockwise direction, and so balance them. This is 


moments. 
sum of sum of 
anticlockwise clockwise 
moments moments 
= (1 x 30) + (% X 20) = (2 X 10) + (1 X 20) 
= 30 + 10 = 20 + 20 
= 40 units = 40 units 
Fig. 5.6 illustrating the principle of moments on a metre stick 


Try these simple problems on moments: 
1. A child weighing 15 kg balances а man weighing 60 kg sitting on the 
other side of a seesaw. The man sits 1 metre from the pivot of the see- 
saw. How far from the pivot does the child sit? 
9. A rod weighing 40g is 20 cm long and its weight acts at its middle 
int, It is pivoted at one end, What vertical force must be applied at 
the other end to keep the rod in a horizontal position? What is the 


direction of this force? 


The lever 

The fact that a child weighing 15 kg can balance a man weighing 60 kg 
shows that a smaller force can be multiplied into a larger force, if applied 
at a greater distance away from the point about which the body can turn. 
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д. 5.7 


Some common levers 
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This principle, which is really the principle of moments stated differently, 
is utilised in the machine known as the lever. Fig. 5.7 shows some common 
levers. In each case decide which is the smaller force, and which is the 
larger force it is being multiplied into, and examine carefully the distance 
of each of these forces from the turning point which is called the pivot, or 
the fulcrum, of the lever. 


Pairs of forces 


When a driver turns the steering wheel of a car, one hand moves one end 
of the wheel up with a force, and the other hand moves the other end down 
with an equal force. Examples of similar pairs of forces that produce a 
turning effect are those applied when turning a screwdriver, a corkscrew, 


and a water tap. (see Fig. 5.8). Such pairs of equal forces acting in opposite 
directions are known in Physics as couples. 


Summary 


forces to make objects move, or to stop them from moving, and to reshape 
materials, in a great variety of ways. Forces are constantly needed to balance 
other forces such as friction, or the force of gravity. A force such as friction 
but some forces can act from a 
distance without any direct contact. These non-contact forces include 
Magnetic forces and gravity forces. Forces can take the form of lifting, 
pulling, pushing, stretching, compressing or turning. 


Forces may produce severai different effects. These include: 


(i) Making objects start to move or stop moving. 
(ii) Making objects speed up or slow down. 
(іі) Making objects move in a new direction, 
(iv) Changing the size or shape of objects. 
(v) Balancing other forces. 


When all the forces acting on an object are balanced, there is said to be 
no resultant force acting on the object. In such a case if the object is 
stationary, it will stay stationary; if it is moving, it will continue to move in 
the same direction at the same speed. 

For €very action there is an equal and opposite reaction. These two equal 
forces act on different bodies, and so will not produce equal movements if 
the bodies are not of equal mass. 

The unit for measuring force is the newton. The force with which the 


earth pulls a mass of 1 kg is 9.8 newtons. А spring balance can be used to 
measure forces in certain cases. 


The moment of a force acting on а body fixed at a point measures the 
turning effect of the force on the body. It is calculated by multiplying the 
strength of the force (measured, for example, in newtons) by the perpendi- 
cular distance of the force from the fixed point in the body. The principle 
of moments says that if the sum of all the clockwise moments is equal to the 
sum of all the anti-clockwise moments, the body will not turn in any direc- 
tion, but will remain at rest. 

The lever uses the principle of moments to multiply a small force into 
a larger one. 


‘Couples’ are pairs of equal, parallel forces which act in opposite 


directions. 


2. Work and Energy 


In Chapter 2 we described energy as the ‘ability to do work, or to bring 
about some effect, or change’. The falling weight could do the work of 
driving a peg into the ground, the moving water could do the work of 
turning a water wheel, the compressed spring could do the work of 
shooting out a ‘bullet’, and a stretched rubber cord could also do the work 


of shooting out an object. 

In the case of the peg being driven into the ground, more work would 
have to be done if the peg was being driven into harder ground, and less 
work if the ground was soft. In other words, if the force of resistance offered 


by the ground was stronger more work would have to be done. Then 
if the peg was to be driven deeper 


again more work would have (о ђе done 
into the ground. To drive it 2 cm into any ground would require twice as 
much work as to drive it 1 cm into that same ground. 

Thus work done involves the magnitude of the force exerted, and the 
distance through which it is exerted, and is measured by their product. 
When I lift a brick weighing 1 kg, I must exert а force of 10 newtons 
(actually 9.8 newtons, but we shall round it off to 10 newtons). If I lift the 


brick through 2 metres, the work done is 
10 newtons x 2 metres = 20 newtons X metres. 


ule, and so the work done in 


The unit ‘newton x metre’ is called the jo 
joules. I 


lifting a brick weighing 1 kg through a height of 2 metres is 20 
must spend 20 joules of energy to do this work. The energy spent is the 
chemical energy stored in the muscles. It is not lost, for in doing this work 
20 joules of potential energy are stored in the body, and this energy can be 
spent later, for example, in driving a peg into the ground. To pierce intoa 
wooden target a distance of 2 cm against an average resistance of 100 new- 
tons will require work of 
100 newtons x .02 metres = 2 joules. 


The kinetic energy of a moving arrow can do this work. The energy spent 


reappears as sound and heat energy. | 
ће work done by two forces on each side of a seesaw. A 15 kg 


Consider t у 
child can lift a 60 kg man the other side, but the child must move down 


through 4 times the distance that the man moves up, as shown in Fig. 5.9. 


Fig. 5.8 The turning of a steering 
wheel and of a tap —- 
examples of ‘couples’ 
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Work done by child = 150 newtons x 40 ст 
= 150 newtons x .4m 
= 60 joules. 


Work done on man = 600 newtons x 10 cm 
= 600 newtons x 1 m 
= 60 joules. 


Thus the work got out is no greater than the work put in, 
more energy can be got out than is put in. ТІ 
“multiplier, although it is a force-multiplier. 


because no 
he lever is not an energy: 


Machines 


Here we shall discuss two common machines. 


(i) The lever 


Fig. 5.9 shows the principle of the lever. Fig. 5.7 showed some common 
levers. Study the force multiplication in each case, and note that the 
distance moved by the smaller force is proportionately sreater than the 
distance moved by the Breater force, so the energy spent in doing work is the 
same as the energy realised in the work got out. 


150 newtons 


600 newtons 


Fig. 5.9 The principle of the lever 


Ап interesting example of the lever is the bicep. The anti-clockwise 
moment of the bicep muscle, represented by a spring balance, is the same 
as-the clockwise moment of the weight being lifted, as shown іп Fig. 5.10. 
The interesting thing to note is that in this lever the force applied by the 
bicep is not multiplied into a greater one, but into a smaller one. The 
reason is this. For the force exerted by the bicep to be multiplied into a 
greater one, the bicep would have to be further away from the elbow joint 
than the hand which would not be at all convenient or graceful for the 
human body. 


(ii) The block and tackle 


Fig. 5.11 shows the principle of the block and tackle. Two children hold 
the rods as shown, and a third child pulls on the end of the string which 


10 newtons 


elbow joint 


Fig. 5.10 The bicep as a lever 


is passed around the rods as shown. The two children have difficulty keep- 
gainst the force exerted quite easily by the third child. 


ing the rods apart а 
Just as the string and the rods multiply the force exerted by the third child, 


the pulleys and the string around them multiply the smaller force exerted 
so that it can lift a heavier load. Trace the path of the string around the 
pulleys. Do you see that it is the same as the path of the string around the 
rods? Try the effect of resisting with the rods the same pull on the string 
when the string is first wrapped twice around each rod, and then three 
times around each rod. When is the effect of the pull on the string greater? 
Which pulley system, the one with two pulleys, or the one with three 
pulleys, is the better force-multiplier? (see Fig. 5.12). 

Calculate by how much each system multiplies the applied force. 
Remember that whatever force is applied to the end of the string is felt 
throughout the entire length of the string. If I apply a force of 5 newtons at 
the end of the string, each strand will exert a 5 newton lifting force on the 
weight. 50 if there are four strands, the total lifting force is 20 newtons, 
and this system will multiply the applied force by four. 

Note that the force applied at the end of the string moves through a 
correspondingly greater distance than the larger force produced to lift 
the weight, so that no more work is got out than is put in. For example, in 
the three pulley machine, a force of 5 newtons can produce the force of 30 
newtons necessary to lift the 3 kg weight, but this force has to move 
through 60 cm if the weight is to be raised through 10 cm. This is because 
if six strands are each to shorten by 10 cm, the total length of string must 


shorten by 60 cm. 


T 


The energy spent in doing the work 
of pulling on the string = 5 newtons X 60 ст 
= 5 newtons X 6m 


= 3 joules. 


5 


Fig. 5.11 The principle of the 
block and tackle 


load 


Fig. 5.12 


effort 


load 


Pulley systems — the 
block and tackle 
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The energy got out in doing the 


work of lifting the load = 30 newtons x 10 cm 


= 30 newtons x 1 m 
= 8 joules. 


This machine is called the block-and-tackle, because there are two 
pulley blocks used, the fixed one above where the force is applied, and the 
movable one below where the weight is lift 


ed. The string passing 
around the pulleys is called the ‘tackle’. 


Summary 

Energy is a capacity for doing work. When a force acting on a body moves 
it through a distance, it does work on the body. The work done is calculated 
by multiplying the strength of the force by the distance moved by the body. 
If the strength of the force is in newtons, and the distance is in 
metres, the work done is calculated in joules. The energy spent in doing 
work is also measured in joules. Thus a body with 20 joules of energy can 
do 20 joules of work with that energy. 

Machines are force multipliers, but not energy multipliers. 

The lever is a common machine which uses the principle of moments. 
In most levers the force applied is multiplied into a greater force got out. 
In exceptional cases like the bicep, the force got out is smaller than the 
applied force. This is because convenience requires that the distance of the 
applied force from the fulcrum (the elbow-joint, in this case) should be 
smaller than the distance of the force got out from the fulcrum i.e, the 
bicep is closer to the elbow joint than the hand. 


The block and tackle is another force-multiplier. 


Questions 


1 Give one example, in each case, of a force that (a) lifts, (b) pulls, 
(c) pushes, (d) stretches, (е) compresses, (f) resists. 


Give two examples of a ‘contact force’ and two examples of a ‘force 
at a distance’. 


3 State four effects that a force can produce, and give one example of 
a force producing each one of the effects stated. 


4 How many ways can you think of in which friction differs from 
gravity? 


Nox 


State three ways by which the friction between two surfaces can be 
reduced. 


6 Cana body move even when there is no resultant force acting on it? 
Explain with an example. 


7 Give two examples in which a body is acted on by two balanced 
forces; one example in which the body is at rest, and о 


5 пе example 
in which the body is moving. 


10 


п 


13 
14 


15 


16 


‘For every action there is an equal and opposite reaction’. Give 
three examples of this, and in each example state exactly on which 
bodies the action and reaction act. 


What is the name of the unit in which force is measured? How does 
it compare with the pull of gravity on a 1 kg mass? 


What is meant by the ‘moment’ of a force about a point on a body? 
State the ‘Principle of Moments’. Explain with a diagram how you 
would verify the principle of moments. 


Two boys weighing 40 kg and 50 kg wish to balance on a seesaw. 
If the 40 kg boy sits 2} metres from the centre, how far from the 


centre must the 50 kg boy sit? 


A metre stick is pivoted at the 30 cm mark. A weight of 150 g is 
attached at the 0 cm mark and a weight of 50 g is attached at the 
100 cm mark. What weight must be placed at the 80 cm mark to 
keep the metre stick horizontal? (Neglect the weight of the metre 


stick). 
What is meant by a ‘couple’? Give two examples of couples. 


What is meant by ‘work’? In what units is it measured? How much 
work do I do when I lift a 4 Кр weight through a height of 50 cm? 
How much energy do I spend in doing this work? In what form is 
this energy stored in the weight, at the end of the operation of lift- 
ing it? 

‘A machine is a force-multiplier but not an energy-multiplier'. 
Explain what this statement means using the example of a lever in 
which a force of 10 newtons produces a force of 80 newtons. Draw 
a diagram to show the distances moved by each force, and use the 
work done by each force to explain your answer. 


Draw diagrams of two common levers in everyday use. 
Draw a diagram to show the action of the bicep. Why is it that in 
this lever the force got out is less than the force put in? 


lock and tackle with two pulleys in each 
the string clearly. If a force of 20 newtons 
plied force is moved 


Draw a diagram of a b 
block. Show the path of 
is applied, what force will be got out? If the ap c 
through 10 cm through what height will the load be lifted? 
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6 
Magnetism 


ALBERT EINSTEIN, when he wrote his life story at the age of 67, recalled 
the day when, as a little boy of four, he was happy because his father had 
given him a new toy. The toy was a compass needle, and the wonder it 
aroused remained with Einstein all his life. Most of us have also felt the 
same wonder, and many of us have, as children, experienced the fascination 
of a magnet which attracts iron. Quite a few of us have used a magnetic 
compass needle, and have been intrigued by the fact that it always pointed 
to the north, no matter how much we turned it around. In this chapter we 
are going to study some of the simple basic facts of magnetism. 

The study of magnetism began in ancient times when the Greeks observ- 
ed the power of attraction of lodestone for iron. Lodestone is the mineral 
‘magnetite’, an oxide of iron, which was found in large quantities in 
Greece and in Asia Minor. The first deposits of lodestone were found in 
the city of Magnesia, in Asia Minor—hence the name ‘magnetite’ 
was given to the mineral, and from this the names 'raagnetism' and 
'magnet' have been derived. 


1. Properties of a magnet 


А piece of magnetite attracts pieces of iron and steel, This is known as its 
attractive property. A piece of magnetite if suspended so that it can turn 
freely in a horizontal plane, will always come to rest pointing north-and- 
South. This is known as its directive property. 


(i) Natural and Artificial Magnets 

We can make magnets which will have the same two properties. These 
are known as ‘artificial magnets’, while pieces of ‘magnetite’ or ‘lodestone’ 
are described as ‘natural magnets’. The advantage of such artificial magnets 
is that they can be made of more convenient size and shape and also much 
stronger, than natural magnets. 


(ii) Uses of magnets 


Magnets can be put to a variety of uses, which can be classified accordin 
to (a) those that arise from their attractive property, (b) those that arise 
from their directive property, (c) those that arise from the relationship of 
magnetism to electricity. 


The attractive property of magnets has been used for a wide variety of 
uses from lifting heavy cargo off a ship on to the dock, to delicately draw- 
ing metal splinters from an injured eye. 

The directive property of magnets is used in the magnetic compass. 
The Chinese discovered, probably about the eleventh century, that a 
magnet acts as a compass. The use of natural magnets in navigation gave 
the mineral magnetite the name ‘lodestone’, which means ‘leading stone’. 
The mariner's compass is a more elaborate form of the pocket compass 


shown in Fig. 6.1. 


Fig. 6.1 A pocket compass 


m to electricity has led to its use in a great 
number of machines and appliances, including the huge generators that 
make electricity, the electric motors such as are used in machines ranging 
from the electric fan to the electric train, the T.V. sets that delight mil- 
lions of viewers, and a host of others too numerous to mention, and many 
of which you will study later in Physics. 

For all these uses, artificial magnets are more useful than natural 
magnets, because they can be made of shapes to suit the requirements of 
that particular machine or appliance, and can be made very powerful and 


long lasting. 


The relationship of magnetis 


(iii) Poles of а bar magnet 
If a bar magnet is rolled in iron filings, 
е clumps around the ends of the magnet 


the filings are seen to be attracted 


in largi (see Fig. 6.2). These points 


magnetic force 
concentrated 4 


V near ends 


Fig. 6.2 Poles of a bar magnet 


at which the magnetic force is concentrated are called the poles of the 


magnet. The pole that points towards the geographical north, when the 
magnet is freely suspended, is called the north-seeking pole or north pole, 


while the pole that points to the geographical south is called the south- 
seeking pole or south pole. 
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SINGLE TOUCH 
--<----2 


this end will 
be a S pole 


DOUBLE OR DIVIDED TOUCH 


this end will 
be a N pole 


this end will 
be a S pole 
Fig. 6.3 Magnetisation by stroking. 


Single Touch and Double 
or Divided Touch 


this end will 
be a S pole 


this end will 
be a N pole 


Fig. 6.4 Magnetisation by an 
electric current 


2. Methods of magnetizing and demagnetizing 


Since artificial magnets are more suitable than natural magnets for the 
many uses outlined above, they are made in large numbers. There are two 
methods of magnetizing a piece of iron or steel. The first is by stroking 
it with another magnet. This is shown in Fig. 6.3. There are two ways 
of stroking, the Single Touch method and the Divided Touch method. In 
each case the stroking should be in one direction and not back and forth. 
The end where the stroking pole leaves off will be of opposite polarity to 
the stroking pole. The second, and by far the more uscful one, is by using 
electric current. This method is shown in Fig. 6.4. The resulting polarity 
can be known by the following rule: ‘Look along the bar to be magnetized, 
in the direction of the current. Examine the direction of the coiling at the 
end near you; if the coiling is clockwise that end will be a south pole, and 
if it is anticlockwise that end will be a north pole’. Every electric cell has 4 
positive terminal and a negative terminal, and the direction of the current 
it provides is from the positive terminal to the negative terminal, In a dry 
cell, such as we use in a torchlight, the small brass head is the positive 
terminal and the outer zinc container is the negative terminal. 

There are two simple methods by which a magnet can be demagnetized. 
The first is by rough handling. If you hit a Magnet repeatedly with a 
hammer or drop it down a few times, it will lose its magnetic power. 
The other method is by heating it. As it gets hotter and hotter it gradually 


loses its magnetic power, till at a certain temperature it completely loses . 
its magnetism. 


3. The Earth as a magnet 


geographic north pole 


г ,-Ү-ғ-.. 


, 
1 


geographic south pole 


Fig. 6.5 


The Earth as a magnet 


Why does a magnet always point north-and-south? The answer is that the 
earth itself is a huge magnet, with a magnetic south pole situated near 
the geographical North Pole, and with a magnetic north pole near the 
geographical South Pole. Fig. 6.5 shows this, and shows ‘the direction 
a magnet would take if suspended freely at any point on the earth’s surface. 
The shaded point of the small magnet is its north pole. The earth magnet 
attracts any magnet. The south pole of the earth magnet pulls the north 
pole of the small magnet, and the north pole of the earth magnet pulls the 
south pole of the small magnet. This is because when two magnets are 
brought near each other like poles repel each other and unlike poles attract 


each other. 


Declination 

A freely suspended magnet 
phical north-and-south. This is bec 
does not lie exactly along the earth's geo 
The angle between the direction of a magnet, 


and the earth's geographical north-and-south axis, : i 
of that place. (see Fig. 6.6). Will a compass needle point to the geographi- 


cal north? Why is a knowledge of the declination at any place essential for 
accurate navigation? 


at most places does not point exactly geogra- 
ause, as Fig. 6.5 shows, the earth magnet 
graphical north-and-south axis. 
freely suspended at any place, 
is called the declination 


Dip 
In the northern hemisphere, a freely suspended magnet is closer to the 
earth magnet's south pole and farther from the earth magnets north pole. 
This means that the small magnet's north pole will be attracted more by 
the earth magnet's south pole than its south pole is attracted by the earth 
magnet's north pole, and this will cause the magnet to dip down with its 
north pole pointing downwards. 

N j S 

horizontal horizontal 


In the Southern Hemisphere In the Northern Hemisphere 


Fig. 6.7 Angle of ‘dip’ 


If a magnet is freely suspended in the southern hemisphere which of the 
earth magnet's poles is it closer to and from which is it farther away? Which 
pole of the small magnet will be more affected by the earth magnet? Which 


way will the small magnet dip? 


geographical 


Fig. 6.6 


north 


a. angle of 
declination 


geographical 
south 


Angle of ‘declination’ 
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The dip of a magnet is shown in Fig. 6.7. If a magnet is suspended freely 
and is thoroughly horizontal, then its poles are equally affected by the 
earth magnet poles and must be equidistant from them. An imaginary line 
connecting all points on the earth’s surface where a freely suspended 
magnet would be horizontal is known as the magnetic equator. If a freely 
suspended magnet was gradually moved from the magnetic equator to the 
magnetic north pole (i.e. where the south pole of the earth magnet is), the 
north pole of the magnet would keep dipping lower and lower down, till 


„а! the magnetic north pole it would be vertical with its north pole point- 


ing straight into the ground. 


Questions 


1 What is a natural magnet? What are the two names for natural 


magnets? Explain the origin of each name. 


2 What is meant by the ‘attractive property’ and the ‘directive pro- 


perty’ of a magnet. State one use for magnets deriving from each of 
these properties. 


3 Why are artificial magnets preferred to natural magnets? 


4 What are the ‘poles’ of a bar magnet? Why are they called ‘north 
pole’ and ‘south pole’? 


5 Describe, with a diagram in each case, two ways by which you could. 


magnetize a steel knitting needle so that its pointed end would be a 
north pole. 


6 Describe two ways by which you could demagnetize a magnet, 


7 What is meant by ‘declination’? Why is there such a t 
nation'? Why is knowledge of the 'declination' of the 
to a navigator? 


hing as 'decli- 
place essential 


8 What is meant by ‘dip’? What is the ‘magnetic equator'? Describe, 
and explain, the behaviour of a freely suspended magnet when taken 
from the magnetic equator to the south magnetic pole (i.e. where 
the earth magnet's north pole is). : 


7 
Electricity 


1, Electricity at rest 


ALL of you are familiar with many devices operated by electricity, which 
can be started or stopped with the flick of a switch. Thése are examples of 
electricity in motion, a comparatively recent scientific development. Early 
experiments were limited to electricity at rest, or static electricity. The 
discovery of electricity is generally attributed to Thales (pronounced 
‘thay — leez’) of Miletus, one of the seven wise men of Greece, about 600 в.с. 
He learned that amber (a yellowish fossilized resin), when rubbed with 
wool, attracted light objects like wood shavings. Centuries later, William 
Gilbert (1540-1603), an English scientist, discovered that many kinds of 
materials behave like amber i.e. when rubbed, they acquire the ability to 
attract light objects. Gilbert is credited with giving the name electricity 
(from the Greek word for amber, ‘elektron’) to this property of matter. The 
science of electricity began to develop from the beginning of the seven- 
teenth century. The study of static electricity, or electrostatics as it is also 
called, paved the way for advancement in current electricity or electricity 


in motion. 


2. Charging by friction 
ove the phenomenon of charging amber by friction was 
rs ago. However similar discoveries have been 


made by almost everyone at some time or other. You yourself have probably 
been fascinated to discover that on a cold dry day a comb that has been 
run through your hair a few times will pick up bits of paper. Some of you 
might have rubbed a cat's back and heard its hair crackle. Those who live 
in colder climates and use rugs and carpets on the floor, might be startled 
by a shock when, after scuffing across a dry wool carpet, they touch another 
person or a metallic object like a door-knob. It has been calculated that by 
the method last mentioned, walking across a dry wool rug, as much as 
30 000 volts of electricity can be generated on the body of a person with a 


As mentioned ab 
first noted over 2 500 yea 


very dry skin. 

Materials that have gained the property of attracting small bits of 
paper and other light objects are said to have an electric charge. Substances 
that do not have such a charge are said to be neutral. It has been found 
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that whenever two different substances are rubbed together each will 
become electrically charged. Responsibility for many fires has been traced 
to charges of static electricity. 

An interesting case of charging by friction occurs when a motor car is 
travelling along. The air rushing past the metal body of the car causes it 
to become charged by friction. If the tyres do not let this с 
to the earth, when the motor car stops, 
of the motor car produces a path along which the electric charge moves to 
the earth. Severe shocks have been experienced because of this. The 
danger becomes more pronounced when a spark due to such electrical 
charge may ignite any inflammable material being carried, like petrol. 
One way of avoiding the danger is to have a metal chain dragging along 


» building up by friction on the body of 


harge leak away 
the body of a person stepping out 


to the earth, so there is no pile- 
The famous airship, the 
of charging by friction, The ‘Hindenburg’, 


was divided into a series 
ge bags filled with hydrogen. 
gave the Hindenburg its lift- 


on the 6th of May 1937, coming in to land at Lakehurst, New Jersey, a 
sudden spark caused by the leaking away of the Strong electrical charge 
built up by friction on the very large surface area of the airship, occurred 
in the vicinity of a hydrogen leak. Hydrogen being inflammable, the airship 
burst into flame and was completely destroyed with the loss of thirty-six 
lives, 

Gramophone records tend to become covered with dust у 
the record moves around and around on the player it becomes charged by 
friction with the air, and small dust particles in the air near the record are 
attracted to it. These dust particles affect correct sound production by the 
record as they cause surface noise. 


егу easily. As 


3. Two types of charge; no third type 


The presence of an electrostatic charge may be observed by using an 
electroscope. The simplest kind of electroscope is a small ball of wood 
pith suspended by a silk thread. This electroscope is more sensitive if the 
pith ball is coated with aluminium or graphite. Suppose a rod of hard 
rubber or of ebonite or plastic (e.g. a plastic fountain pen) is charged by 
rubbing it with flannel or fur. If the end of the charged rod is then held 


a a simple electroscope, the pith ball is attracted to the год, as shown in 
ig. 7.1. 


pith-ball electroscope 


charged rod 


Fig. 7.1 Pithbail electroscope 


If the pith ball is allowed to come in contact with the charged rod it is 
then repelled by the rod. We may reasonably assume that when the pith 
ball touched the charged rod some of the charge on the rod was transfer- 
red to the pith ball so that both the ball and the rod are now similarly 
charged. 

Suppose a glass rod is charged by rubbing it with silk. If the glass rod is 
held near the charged pith ball, it is attracted rather than repelled as it 
was with the charged rubber (or ebonite or plastic) rod. This would suggest 
that the charge on the glass rod is different from the charge on the other 
rod because it attracts the charged pith ball while the other repelled it. 


charged rod 


_—charged rod 


Fig. 7.2 Attraction and repulsion of electrostatic changes 


Charge an ebonite (or rubber or plastic) rod by rubbing it with flannel 


or fur, and suspend it by a stirrup hanging from a silk thread as shown in 


61 


©) 


о 
5 
а 
Ф 
3 


@ 


GIG 


Fig. 7.3 Structure of some 
common atoms 


[2] 


Fig. 7.2. Bring another similar rod charged in the same way slowly up to 
it; the suspended rod is repelled. Now bring a glass rod rubbed with silk 
slowly up to the suspended rod; the suspended rod is attracted. "This clearly 
tells us two things. The first is that the charge on the rubber (or ebonite 
or plastic) rod rubbed with flannel or fur is different from the charge on 
the glass rod rubbed with silk. The second is that like charges repel each 


other and unlike charges attract each other. This fact is known as the law 
for electrical charges, d 


4. What is electricity? 


Water, and each molecule of water consists of two atoms of hydrogen and 
Опе atom of oxygen, Апу quantity of carbon dioxide is.a collection of 
molecules of carbon dioxide, and each molecule of carbon dioxide consists 
of one atom of carbon and two atoms of oxygeu. 


(i) The atom may be pictured as a miniature solar system with most of 
the mass of the atom concentrated in a central mass called the nucleus, 
Corresponding to the sun, and a number of smaller objects called electrons 
revolving around the nucleus in much the Same way as the planets move 
around the sun. 


(ii) The nucleus is composed of two kinds of particles: 


Protons, which have an electric charge described as positive, 


and are 
considered to have a mass of one unit. 


Neutrons, which do not have any electric charge, and have the same 
mass as the proton. 


(iii) Each electron has an electric charge described as negative and equal 
in strength to the positive charge on the proton. The mass of each electron 


is approximately d of the mass of a proton. 


(iv) In any atom the number of electrons is the same as the number of 
protons. Therefore atoms are normally neutral, since the total positive 
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charge of the protons is exactly counterbalanced by the total negative 
charge on the electrons. 

(v) There are 105 different kinds of atoms known at the present time. 
These different atoms are all composed of similar protons, neutrons and 
electrons. They only differ in the number of these. For instance, a hydrogen 
atom consists of 1 proton and 1 electron, while an oxygen atom consists 
of 8 protons, 8 neutrons and 8 electrons. Fig. 7.3 shows the structure 
of some common atoms. The electrons are denoted by black dots, the 
Protons by a plus sign, and. the neutrons by ‘n’. Note that the electrons 
circle around the nucleus in: different paths or orbits. 


5. Explanation of electric charge and of charging by friction 

ructure of the atom enables us to understand 
d by friction. Tremendous forces are required 
nucleus of an atom, but it is relatively easy 
tom ог to move to another atem. When 
] or fur, electrons are transferred from 


Ап understanding of the st 
why an object becomes charge 
to separate a proton from the 
to cause an electron to leave an а 
an ebonite rod is rubbed with flanne 
the flannel or the fur to the ebonite. Since electrons carry a negative charge, 
electrons, gains a negative charge, while the flannel 
or fur, on losing electrons, now has a larger number of protons than elec- 
trons in the sum total of its atoms, and so has a positive charge. Similarly, 
when a glass rod is rubbed with silk, electrons are rubbed off on to the silk. 
The glass rod, losing electrons, becomes positively charged, and the silk, 
gaining electrons, becomes negatively charged. 

We may now define a positive charge as a deficiency of electrons, and a 
negative charge as a surplus of electrons. A neutral body has equal numbers 


of protons and electrons. t 
The act of charging a body by friction 
or onto that body. 


the ebonite, on gaining 


'consists in rubbing electrons off 


6. Electricity in motion: the electric current 


copper wire 


water electric current 


flow of electrons 


excess of deficit of 
electrons here electrons here 


flow of water 


Fig. 7.4 Electron flow compared to water flow 


Consider the arrangement shown in Fig. 7.4. Water will flow from A to 
B as long as the height of water above A is greater than the height of water 
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above В, and the flow of water will stop аз soon as the levels of water above 
A and B become the same. Similarly electrons will flow along a copper wire 
from P to Q if there is a surplus of electrons at P and a deficit of electrons 
at Q, and the flow of electrons from P to Q will stop as soon as the concen- 
tration of electrons at P becomes equal to the concentration of electrons 
at Q. The flow of electrons from P to Q is what we describe as an electric 
current, except, for reasons that shall be explained later, we say that the 
electric current flows from О to Р. 

The greater the difference in height of water in the two limbs of the 
tube the stronger will be the flow of water from A to B. Similarly the 
more pronounced the difference in concentration of electrons at P and Q, 
the stronger will be the electron flow from P to Q ie. the stronger the 
electric current from Q to P. Thus a slight excess of electrons at P and a 
slight deficit of electrons at Q, would cause a weak electron flow from P to 
Qand therefore a weak current from O to P, while a large excess of electrons 
at P and a great deficit of electrons at Q would cause a strong electron flow 
from P to Q and therefore a strong current from Q to P. 

It is easy to understand why the electrons flow from where there are too 
many of them to where there are too few of them, if one remembers that like 
charges repel each other. Electrons, all carrying the same negative charge, 
repel each other, and so if there is an excess of them they will repel each 
other strongly, and some will be repelled towards the area where there is a 
scarcity of electrons and from which they will not be repelled back so 
strongly. 

То keep an electric current flowing, i.e. to keep the electrons flowing 
from any one point to any other for any length of time, it is necessary to 
maintain an excess of electrons at one point and a deficit of electrons at the 
other. You will learn later how this is done by electric cells, such as the 
torch cell, or by the electric mains supply at every electric socket in a 
building. 

An electric current cannot flow along every substance. Those substances 
along which an electric current can flow are called conductors, while those 
substances along which an electric current cannot flow are called insulators. 
Metals, graphite, and water solutions of acids, bases and salts are good 
conductors, Dry wood, paper, alcohol, kerosene and pure water are poor 
conductors. Hard rubber, wax, glass, mica, porcelain, silk, some plastics 
and dry air are examples of insulators. 


7. The effects of an electric current 


(i) Magnetic Effect. Place a wire, connected to a cell and a switch, above a 
freely suspended magnet, such as a compass needle, as shown in Fig. 7.5. As 
soon as the switch is closed and current flows through the wire, the magnet 
is deflected. This shows that an electric current has a magnetic effect. It 
is this magnetic effect of an electric current that was used to magnetize a 
piece of iron as described in Chapter 6 (see Fig. 6.4). A magnet produced 
in this way is known as an electromagnet. It can be made very powerful 
and has a great many uses ranging from lifting heavy objects like cargo 


from a ship ог light objects like metal splinters from an eye. Electromagnets 
are essential parts of electric motors and electric generators, and we shall 
study this use of them in greater detail later in our Physics Course. 


me || ати 
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Fig. 7.5 Magnetic effect of an electric current 


(ii) Mechanical Effect. Place a vertical wire, connected to a cell and a 
switch, between the poles of a horse-shoe magnet, as shown in Fig. 7.6. As 
soon as the switch is closed and the current flows, the wire moves. This 
shows that there is a mechanical force exerted on a current-carrying 
conductor placed between the poles of a magnet. This mechanical effect 
is put to many uses, and later in your study of Physics you will learn how 
it is used in the construction of an electric motor. Such a motor can be used 
to work many machines ranging from electric fans and electric mixers to 
electric trains and tram-cars. This mechanical effect is also used for electri- 
cal measurements in instruments called Galvanometers, Ammeters and 


Voltmeters. 


direction of 
current 


direction of 
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Fig. 7.6 Mechanical effect of an electric current 


Fig. 7.7 Heating effect of ап 
electric current 


(iii) Heating Effect. Place а coil of wire, connected to a group of cells 
and a switch, in some oil placed in a beaker, as shown in Fig. 7.7. Read the 
temperature shown by the thermometer, and close the switch. Take the 


temperature shown by the thermometer every fifteen minutes. What do 
you notice? 


When an electric current passes through a conductor there is a resistance 
to its motion which it must overcome. Energy must be spent in overcoming 
this resistance, and the energy spent is converted to heat energy. Thus the 
electric current has a heating effect. Remember the heating of a resistance 
wire as shown in Chapter 2 (see Fig. 2.9). 

This heating effect is used for a variety 


of purposes, ranging from 
domestic electric heaters and cookers, 


to the more delicate heating of the 
wires in electronic valves. We shall study these applications of the heating 
effect of an electric current in more detail, later in our study of Physics. 


(iv) Chemical Effect. Connect two graphite rods (discarded electrodes 
from a motion film projector are suitable) to a group of cells and a switch. 


Put these rods in a solution of copper sulphate in a beaker as shown in 
Fig. 7.8. Close the switch, and as the current passes through the solution, 
copper will be deposited on the rod connected to the negative end of the 
battery (a group of cells is called a battery), and oxygen gas will be given 
off at that rod which is connected to the Positive end of the battery. 


battery 
switch 


copper deposited 


copper sulphate 
solution 


Fig. 7.8 Chemical effect of an electric current 


This experiment shows that an electric current has a chemical effect. It 
can break up a chemical compound into its different parts. This chemical 
effect can be put to a variety of uses such as electroplating, which means 
depositing a coating of metal like silver or copper on an article by an elec- 
tric current, for the refining or purifying of metals, and for the extraction of 
some metals from their ores. Electric cells like the torch cell are а 


plications 
of the chemical effect of an electric current, and you may 


be interested to 
learn that gramophone records are made by a process which is similar to 


the experiment. described above. 


We shall study more about the chemical effects of an electric current 
later in our study of both Physics and Chemistry. 


Questions 


1 


a Define static electricity. 
b How can an electric charge be produced? 
c How is it detected? 


a How would you show by experiments that the electric charge on 
ebonite produced by rubbing it with fur or flannel is different 
from the charge produced cn a glass rod by rubbing it with silk? 
How many different kinds of electric charge are there? 


b State the law for electrical charges. 


a Describe in point form our modern concept of the structure of 
the atom. А 

b In terms of the electron theory, what is (i) a positively charged 
body, (ii) a negatively charged body, (iii) a neutral body? 

c Why does (i) ebonite become negatively charged when rubbed 
with wool, (ii) glass become positively charged when rubbed with 
silk? What is the electrical condition of the wool and the silk after 


the rubbing? 


For what purposes is an electroscope used? 

b Describe and explain what happens when first a positively charged 
and then a negatively charged body, is brought up to an uncharged 
pithball electroscope. 

How would you use a pith ball electroscope to identify an 
unknown charge? 


е 


a What are ‘conductors’ and ‘insulators’? Give two examples of each 
of the following: (i) a good conductor, (8) а poor conductor, 
(iii) an insulator. 

b What condition is necessary across the en 
current to flow across that conductor? 


ds of a conductor for a 


State four effects of an electric current. For each of these effects of 

an electric current: 

a describe with a diagram, an experiment you would perform to 
demonstrate the effect; х 

b State two uses to which the effect can be put. 
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8 
More About Force, 
Movement and Machines 


In Chapter 5 we described different types of forces and studied their 
effects, We learned that forces could be ‘contact forces’ like pushes, pulls 
and resistances, or ‘forces ага distance’ like gravity and magnetic attrac- 
tion, We also learned that a force applied to an object may 


tion, or bring it to rest, 


(i) set the object into mo 
cludes the previous effect), 


Gi) alter its speed (this in 
(iii) change the direction of its motion, or 
(iv) change its shape or size. 


forces may balance each other i.e. cancel each other 
‘resultant’ force. We saw that if one body exerts a 
other will exert an equal and opposite force — а 
reaction — on the first. We learned also that the turning effect of a force 
on a body depended on the product of the force and its perpendicular 
distance from the point about which the body turned, and that this pro- 
duct is called the *moment' of the force about that point. Finally, we 
learned that energy was required to do work, that machines like the lever 
and the block-and-tackle were force-multipliers but not energy-multipliers, 
and that force is measured in newtons, and energy and work in joules. 

In this chapter we shall learn more about force and movement, about 


energy and work, and machines. 


We also learned that 
out, or may produce a 
force on another, the 


1. Force is a vector 


ТЕ you gave a man 3 rupees and I gave him 2 rupees, the man would have 


received 5 rupees from the two of us —no more, no less. 
If you exert а force of 3 newtons on а body, and I simultaneously exert 


a force of 2 newtons on the same body, must the total effect on the body 
be a force of 5 newtons — or can it be more or less? Look at Fig. 8.1 and 


answer this question. 
Why is it that the addition of 3 rupees to 2 rupees can only give one 


answer viz. 5 rupees, but the addition of 3 newtons to 2 newtons can give 
any answer ranging from 1 newton to 5 newtons? The answer is that the 
two forces produce different total effects when they act at different angles 


2N 3N 


2N 3N 


(c) 


2N 


3N 


(d) 


Fig. 8.1 Forces of 3N and 2N 
acting at different angles 
from 0° to 180° 
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to each other i.e. when they are in different directions, but the matter of 
direction does not enter into the addition of 3 rupees to 2 rupees. 
Quantities which involve only magnitude are called scalar quantities, 
while a quantity which туојуез both magnitude and direction, i.e. which 
is only fully known when both its magnitude and its direction are known, 
is called a vector quantity. A force of 3 newtons acting vertically and a 
force of 3 newtons acting horizontally are two quite different forces, but 
3 rupees is always the same as any other 3 rupees. Length and time are 
other examples of scalar quantities, while velocity is an example of a 
vector quantity. 50 km per hour due North is quite a different velocity from 
50 km per hour due East. Two cars, starting from any given point and 
travelling, one with the first velocity and one with the second, would 
finish up in two quite different places at the end of any period of time. 

A force is represented by a line with an arrowhead, as shown in Fig. 8.2. 

"The length of the line OA is proportional to the magnitude of the force, 
Thus a force of 10 newtons would be represented by a line twice 
as that which represented a force of 5 newtons. 

The direction of the line in space corresponds to the direction of the 
force. Thus a vertical force would be represented by a vertical line and a 
horizontal force by a horizontal line. The arrowhead indicates the sense 
of the force i.e. a force acting vertically upwards would be represented by 
a vertical line with an arrow pointing upwards, while a force acting 
vertically downwards would be represented by a vertical line with ап 

· arrow pointing downwards. 
The point O represents the point of application of the force i.e. the 
A point on the body at which the force acts, : 
The force represented by the line OA in Fig. 8.2 is referred to as the 


force дА. Note that OA is a vector as compared with OA which is a scalar. 

In Fig. 8.1 (a) the resultant force, known simply as the ‘resultant’, is 

о clearly 1 newton in the direction of the 3 newton force. In Fig. 8.1 (b) the 
resultant is 5 newtons in the direction of both forces. But what is the 

Fig. 8.2 Graphical representation resultant in the case of Fig. 8.1 (c) and the case of Fig. 8.1 (d)? The follow- 
of a force ing law, known as the law of the Parallelogram of Forces, tells us how to 

find out. 

‘If two forces acting at a point are represented in magnitude and 

direction by two adjacent sides of a parallelogram meeting at the point O, 


as long 


their resultant will be represented in magnitude and direction by the 
A c diagonal of the parallelogram through O'. (see Fig. 8.3.) 


Thus the resultant of forces OA and OB is the force OC, and this fact 
can be expressed mathematically as 


> > > 
OA + OB = OC. 

So to find the resultant of forcés 3 newtons and 2 newtons acting at any 
angle, 90° for example, we shall draw two lines to represent the forces 
8 newtons and 2 newtons, and we shall draw them at an angle of 90°. Since 
the length of the representing line must be proportional to the magnitude 
Fig. 8.3 Law of the Parallelogram of the force represented, these lines could be 3 cm and 2 cm respectively, 

of forces or 6 cm and 4 cm respectively or 30 cm and 20 cm respectively, or in fact 
any lengths which are in the ratio 3 : 2. In Fig. 8.4 they are represented by 


о B 


72 


=“ в ~- 


* 


6 cm and 4 cm, and the diagonal OC tells us the resultant force, which, since 
itis a vector, must be stated in terms of both its magnitude and its direction. 
In this case, the resultant, since it is represented by a line 7.2 cm long, is a 
force of magnitude 3.6 newtons acting in a direction making an angle of 
56° with the 2 newton Гогсе. 

Making the necessary parallelogram construction in each case, find the 
resultant of forces of 3 newtons and 2 newtons acting at an angle of (a) 120°, 
(b) 609. Your answers should work out to be: (a) the resultant is a force of 
2.65 newtons acting at an angle of 79° to the 2 newton force, (Б) the resul- 
tant is a force of 4.35 newtons acting at ап angle of 361° to the 2 newton 


force. 


2. More about Turning Forces 

Look at the apparatus shown in Fig. 8.5 and explain how you would use 
it to verify the Principle of Moments which states that ‘if a body is at rest 
under the action of a number of forces all acting in the same plane, then 
the sum of the clockwise moments of these forces about any point in their 
plane must be equal to the sum of the anticlockwise moments of these 
forces about the same point’. (The word ‘torque’ is also sometimes used for 


‘moment’.) 


uniform bar with hole at centre 
and pegs equal distances apart 


ing Heil ya 
DE inl 
5000 


pieces of тета! о! equal weight 
which can be placed on the pegs 


6 cm 


o 4 ст B 


Fig. 8.4 Parallelogram of forces 
for 3N and 2N 
acting at 90^ 


Fig. 8.5 Apparatus to verify the principle of moments 


stand for bar 


When a body is at rest under the action of a number of forces, it is said 
Phe word is derived [rom ‘aequus’ which means 


to be in equilibrium. À 

‘equal’ and ‘libra’ which means ‘balance’. Two equal pans of a balance, 

loaded with equal weights, would balance each other, so that the rod or 
а 


beam connecting them would be at rest, or m equilibrium. 
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80 x 25 
= 2000 


Fig. 8.6 A problem on the 
principle of moments 
with its solution 
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Неге is а simple problem on the principle stated above. Its solution is 
also given. (see Fig. 8.6.) Remember that a uniform bar is one of the same 
material and thickness all over, and so its weight will act at the middle 
point. 


Problem. A uniform bar AB 50 cm long is pivoted at its middle point. 
A weight of 50 g is attached to end A, and a weight of 80 g is attached to 
the other end B. What weight must be attached 15 cm from end A to pro- 
duce equilibrium? 


Solution. The 50g weight at A exerts an anticlockwise moment of 
1250 units. The 80g weight at B exerts a clockwise moment of 2000 
units. So there is an extra clockwise turning effect, or moment, of 
2000 — 1250 = 750 units, which must be balanced by an anticlockwise 
moment of 750 units. Since the force is to act at a distance of 10 cm from 
the pivot, its magnitude must be E = 75 р. 


Now try these three problems: 


1. A uniform bar 60 ст long is suspended by a string tied to its centre. 
Loads of 100 g and 200 g are attached at points 12 cm апа 24 cm fróm one 
end. Draw a diagram of the set up, and calculate where a load of 200 g 


must be placed to keep the bar in equilibrium. (Answer: 15 cm from the 
other end). 


2. А uniform metre-rule balances horizontally on a knife-edge at 
the 20 cm mark when a 200 g weight is hung from the 5 cm mark. What 
is the mass of the rule? What additional mass hung from the 60 cm mark 
will make the rule balance at the 50 cmi mark? (Answer: 100 g; 900 g). 


5. А uniform metre rule is balanced on a knife-edge at the 50 cm mark. 
A 50 g weight is hung from the 10 cm mark, and a 20 g weight is hung 
from the 80 cm mark. Draw a diagram of the set up and calculate where 


a 100g weight must be hung to restore equilibrium, (Answer: at the 
64 cm mark). 


3. Speed and Velocity: How to add two velocities 


The speed of a moving object is the rate at which it moves from one 
position to another. When you travel by train you find out how much 
distance is to be travelled and how long it takes. Then dividing the distance 
's by the time ‘t’, you find the average speed ‘s/t for the trip. You do not 
need a тар or a Compass or a protractor for this, because the distance 
between the places as given to you is a scalar quantity, and does not involve 
direction. True, the second place is not only a certain number of kilometres 
away from the first, but is also in some particular direction e.g. north, or 
north-east, or south from it, but this information is not necessary for 
calculating the speed, as speed is а scalar and does not involve direction. 
The indicators on the instrument panel of a car tell us the distance 
covered in kilometres, and the speed at which the car is moving in 


kilometres per hour without any reference to direction. When we say that 


the maximum speed a particular car is capable of is 150 kilometres per 
hour this refers to its maximum rate of moving, and can be in any direction. 

Distance travelled in a given direction is called ‘displacement’. Displace- 
ment is a vector, so any two displacements will be added by the parallelo- 
gram law stated earlier. Thus if I move 6 kilometres due north and then 
4 kilometres due east, I have suffered two displacements and the total 
effect of these, i.e. the total displacement I have suffered, could be calcu- 
lated from a scale drawing of the parallelogram concerned and will be 
seen to be 7.2 kilometres in a direction 34° east of north. Look at Fig. 8.4 
and consider how this would be the scale drawing needed. 

The rate of displacement of a body is its velocity, and so velocity is a 
vector; it is speed in a given direction. If, as in Fig. 8.4, I suffer a displace- 
ment of 7.2 kilometres in a direction 34° east of north in 8 seconds, my 
speed is 7.2/8 = 0.9 kilometres per second, but my velocity is 0.9 kilometres 
per second in a direction 84° east of north. 

Velocities being vectors must be added by the parallelogram law. Thus 
Fig. 8.4 gives the answer to the question ‘What is the resultant of two 
velocities of 60 km per hour and 40 km per hour at right angles to each 
other?' Тће answer would be 'а velocity of 72 km per hour in a direction at 
34? to the 60 km per hour velocity and at 56? to the 40 km per hour 
velocity'. Suggest another pair of velocities that could be added together 
by the scale drawing shown in Fig. 8.4. у ; 

Suppose an airplane flies through still air with a velocity of 300 km/hr 
eastward. Suddenly a tail wind with a velocity of 25 km/hr eastward 
springs up. What is the resultant velocity of the airplane? Since the wind's 
velocity is in exactly the same direction as that of the airplane it will cause 
а resultant velocity of 325 km/hr eastward. Now let us consider the 
opposite case. The airplane flies eastward, but the wind is a head wind. 
Its velocity is 25 km/hr westward. What is the resultant velocity of the 
airplane? 300 km/hr eastward + 25 km/hr westward = 275 km/hr east- 
ird case, the airplane still flies eastward with a velocity of 300 


ward. In a thi :5 
km/hr, and the wind has a velocity of 25 km/hr southward. Fig. 8.7 is a 


velocity of airplane in still air 300 km/hr 090.0° 


resultant velocity of airplane 301 km/hr 094,82 


Fig. 8.7 Parallelogram of velocities for 300 km/hr East and 25 km/hr South 


scale drawing representing this situation. The scale used is 1 cm represents 
90 km/hr. Very careful construction and measurement would show that 
the resultant velocity of the airplane is 301 km/hr in a direction 4.8? south 
st. This direction is referred to as 094.8°, due east being 090°, and due 
south being 180°. This system of stating direction starts from due north 
and measures the angle of the required direction in degrees towards the 
east. Thus due west would be 270°, towards north-west would be 315°, 


of ea 
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velocity to be maintained b 


towards north-east would be 045°, etc. The direction so stated is known as 
the (тие bearing. i 

The pilot of the airplane, however, does not want to get 25 miles south 
of his course for each hour of flight. What change must he make in the 
velocity of his airplane so that he stays on course despite the wind blowing 
from the north? Now the resultant velocity we wish to obtain is 300 km/hr 
0909. "This is represented by OR in Fig. 8.8. It is the diagonal of the 


y airplane 301 km/hr 085.2 


rA en 180.0* 
SX ЫТ wind's velocity 25 km/hr 


Fig. 8.8 Making good a track of 090° with a ground-speed of 300 km/hr in a 
north wind of 25 km/hr 


parallelogram of velocities. We know one side of this parallelogram, that 
which represents the wind’s velocity, 25 km/hr 180°, represented by OS 
То complete the parallelogram, we first draw SR. Then from O, OV is 
drawn parallel and equal to SR, Connecting V to R completes the paral- 
lelogram. OV represents the velocity the airplane must maintain, and 
careful construction and measurement would show that it would be 301 
km/hr with a bearing of 085.2°. By heading his airpiane on a bearing of 
085.2* and increasing his airspeed to 301 km/hr, the pilot actually travels 
with a velocity of 300 km/hr 0909. 

A ship sailing in water which is moving with a velocity, has a similar 
problem in directing its course so that it moves along its desired track 
despite the drift caused by the current. Both ships and airplanes carry 
navigators who work out their course by the method explained above. 


4. Acceleration 


lf you were sitting on the pillion seat of a powerful motor bike that started 
moving along a straight road, and you were recording the speedometer 
reading, in km/hour, every second from the time the motor bike started 
for the first few seconds, you might have recorded readings like these: 
Time +0 1 2 3 4 5 6 in seconds 
Speed ШИ “Ио” 00) OR int km/hour 
In practice the speed of a motor cycle or car does not usually incre 
this uniform way. The power of the engine is not constant at all speeds, 
frictional and air resistances vary, and changing gears also prevents such 
uniform increase in velocity. However, let us assume for the purpose of 
discussion that the velocity did change as shown above. We see that the 
velocity changes at the uniform rate of 18 km/hr every second. The rate of 
change of velocity of a moving body is called its acceleration. Thus the 
acceleration of the motor cycle is, in this case, uniform and it is 18 km/ 
hour every second in the direction of the straight road. Now 18 km per 


азе іп 


— = 


ћопг = 18 1.000 m per sec = 5 m per sec, so we see that the acceleration 
60 x 60 
of the motor cycle is 5m per sec per sec, which is generally written as 
5 m/sec? or 5 m/s”, in the direction of the straight road. 
Similarly if a moving body had a velocity of 10 m/s at a certain instant, 
and a velocity of 60 m/s five seconds later, then in 5 seconds its velocity 
changed by (60— 10) = 50 m/s so in every 1 second its velocity changed by 


50 


"E = 10/5. Thus the acceleration is 10m per sec per sec ог 10 m/s?.. 


From this we see that 


change in velocity 


acceleration = алы. 
time іп which the change took place 

It must be noted that since the acceleration of a body is its rate of change 
of velocity and its velocity is its rate of displacement, the matter of rate, 
and therefore of time, will enter twice into the unit of acceleration which 
is, as we have seen, m/s?. We must also note that since velocity is a vector, 
acceleration which is a change in velocity divided by time is therefore a 
vector quantity divided by a scalar quantity, and so acceleration is also 
a vector quantity. 

It must also be noted that although the acceleration described above 
was uniform, accelerations are quite often not uniform. Cars accelerate 
more on clear and open roads, and slow down in heavy traffic. Trains move 
faster when they have a long clear run, but slow down and stop near 
stations or at points where they are signalled to stop. 

One case of unifozm acceleration is of particular importance in Physics. 
It is the acceleration due to gravity. The earth as we know attracts bodies 
to itself and causes them to fall to its surface. This tendency to fall is 
opposed by the resistance and the buoyancy of the air. This leads to the 
observation that different objects fall to the earth at different speeds, and 
causes some confusion of thought. Stones, iron balls and pieces of lead fall 
faster than feathers, leaves and snowflakes, so it would seem that heavy 
bodies fall faster than light ones. But on the other hand, a pebble falls as 
fast as а large heavy stone, which seems to suggest that light bodies will 
fall as fast as heavy ones. What is the truth? 

About 2 400 years ago Aristotle (584—322 в.с.), a Greek scholar, attempt- 
ed to find the answer. But instead of dropping a light ball and a heavy one 
together and observing their motion, or in other words instead of making 
an experiment, Aristotle reasoned that the speed of a falling body was 
directly proportional to its weight, and that therefore a 2kg ball falls 
twice as fast as a 1 kg ball. ; A 

At that time few people, if any, were interested enough to question 
Aristotle's conclusion and as his Ron asa 55 арқы aus 
years, succeeding generations did not dare to question his word on any 


subject. 1642), a young professor at the University of 


AE zalilei (1564— 4 : 
rd T de first to really test. Aristotle's conclusion. By experi- 
" musket ball would fall as fast as a cannon ball. But 


а his discovery to his learned associates, most of 


Pisa in Italy, 
ment he found that a 
when Galileo announce 
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Galileo at the Leaning 


Tower of Pisa 
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whom were followers of Aristotle, they refused to listen, and ridiculed 
Galileo for daring to challenge the teachings of the great Aristotle. 
Determined to prove them wrong, one morning before the assembled 
students and professors, Galileo climbed to the top of the now famous 
Leaning Tower of Pisa and simultaneously dropped a small musket ball 
and a large cannon ball. They fell together and they hit the ground 
together. The tower was ideally suited to the experiment, because it 
leaned enough (see Fig. 8.9) so that the falling balls would not strike its 
sides, and it was tall enough (55.8 m high) so that the results of the test 
would be convincing. Because of this epochal experiment, Galileo has 
been called the father of experimental science. 

Galileo's experiment proved that a heavy cannon ball does not fall 
faster than a light musket ball, but it did not explain why a stone falls 
faster than a feather. Galileo explained that the difference in speed is due 
to air resistance; air offers more resistance to a falling feather, in proportion 


to its weight, than to a stone. This hypothesis, an unproved explanation · 


falling 
feather air 
withdrawn 
falling 
coin 
air 


Fig. 8.10 The ‘Coin and feather’ experiment 


of facts, could be proved or disproved only by the dropping of a stone and 
a feather together in a vacuum. With the invention of the air or exhaust 


pump, it became possible го test this hypothesis. The apparatus used is 
shown in Fig. 8.10. Inside the tube are a feather and a coin. If the air is 
drawn out of the tube with an air pump and the tube is inverted, the coin 
and the feather will be observed to fall together. If the air is re-admitted, 
and the tube again inverted, the feather will flutter down slowly, while 
the coin falls much more rapidly. 

From what has been said it should now be clear that the acceleration 
due to gravity, denoted briefly in Physics by ‘g’, is the same for all bodies. 
The value of this acceleration varies slightly at different points on the 
earth’s surface, being greater at those points which are closer to the centre 
of the earth. On the earth’s surface near the equator g = 9.78 m/s*. At 
the North and South Poles it is 9.83 m/s?, in London it is 9.81 m/s*, and 
at the author's school laboratory in Darjeeling it is 9.785 m/s*. The value 
of 'g', for general numerical calculation, is usually rounded о to 9.8 m/s?. 
This means that when an object falls under gravity its velocity, due to the 
pull of gravity, increases by 9.8 m/s every second, and when it rises against 
the pull of gravity, as for example when itis thrown up, its velocity 
decreases by 9.8 m/s every second, as shown in Fig. 8.11. 


5. Work and energy 

his book we learnt that when a force moves a body it does 
dy, and that the work done by the force on the body is 
ltiplying the magnitude of the force by the distance 
у. Now it may happen that the body may not move in 


In Chapter 5 of t 
‘work’ on the bo 
calculated by mu 
moved by the bod 


exactly the same direction as the force. In such a case we must be careful, 


when calculating the work done by the force on the body, to multiply the 
magnitude of the force by the distance moved by the body in the direction 
of the force. Thus in Fig. 8.12(i) the work done by the force on the body 
is F x AB, but in Fig. 8.120) it is not F x AB but F x АС; although AB 
is the actual distance moved by the body, AC is its displacement in the 
direction of the applied force. { 

The force applied will usually ре measured in ‘newtons’, and the 
distance moved by the body in ‘metres Ё The work done will therefore be 
іп 'newtohs X metres’ which are called ‘joules’. Thus if a force of 6 newtons 
i ; a body through 5 metres in its own direction, it has done 6 x 5 — 30 
qa work on the body. We have learned that to lift a body weighing 
1 kg we have to exert an upward force of 9.8 newtons, so if I lift a 1 kg 
weight through a vertical distance of 50 cm, I will have done 9.8 x à = 
4.9 joules of work on it. If the body weighed 10 kg I would have to exert 
an upward force 10 x 9.8 — 98 newtons to lift it, and if I raised it vertically 
through 5 metres the work done коша be 98 x 5 = 490 joules. Note that 
in Fig. 8.13, in which à 10 kg weight is being raised from A to B the work 
done is the same, 490 joules, in each case, because the vertical height 
through which the body is raised is the same in each case. When a body is 
lifted, its weight, which is a vertical force, is opposed and the vertical 
distance through which it is raised must be considered in calculating the 


work done in lifting it. 


joules of 


0s 0 m/s 3s 


1s 9.8 m/s 25 


25 19.6 т/5 15 


35 29.4 m/s Os 


Fig. 8.11 Upward and downward 
motion under gravity 


Fig. 8.12 _ (1) and (I) 


Work = Force X Distance 
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А 10 kg weight is 
raised from A to B at 
different angles. The 
work done is the same 
in each case because 
the force applied is the 
same, and the vertical 
distance moved is the 
same. 


10 kg 


‘Energy’ is required to do work, and energy is measured in the same unit 
as work i.e. in joules. Thus 50 joules of energy must be expended in doing 
50 joules of work. But energy need not only do the type of work described 
above. Energy has a broader meaning. It is not only, as we saw in Chapter 
2, a capacity for doing work, but it is also a capacity for bringing about 
any physical effect or result. іп Chapter 2 we studied many different types 
of energy. We learned about potential energy and kinetic energy, about 
heat energy, light energy, sound energy, magnetic energy and electrical 
energy. We learned something of the effects each of these different types 
of energy could produce, and we also learned that energy is capable of 
transformation from one form to another form, or to more than one other 
form, and that during every such transformation en 
When I lift a mass of 10 kg vertically throu 
work. То do this work I must use 490 joules of energy, originally stored as 
potential energy in my muscles. Can you suggest how this energy came 
there? When I spend this energy in lifting the body, the energy I spend is 
not lost but is stored up in the body as potential energy. In falling back to 
its original position the body can give up this 490 joules of potential 
energy in doing 490 joules of work. Suppose the body fell from the height 
it was raised to on to a peg and drove.it 5 cm into the ground. What would 
the resistance of the ground be? 9800 newtons? or 9898 newtons? Remember 
that the ground must not only do work against the body and bring it to 
rest, but must also support the weight of the body (98 new 
process. The above calculation however presupposes that the energy of 
the body viz. 490 joules is entirely utilised in driving the peg into the 
ground. Normally a thud would be heard indicating some production of 
sound energy, and there would be heat gencrated by the impact, Now if 
sound and heat were so generated and if the resistance of the ground 
remained 9898 newtons, would the peg penetrate 5 cm into the ground? 
И not would it penetrate more, or less? 

When you walk up a flight of stairs you do work against gravity i.e. 
against your own weight. The higher you climb the mo: 
and the more energy you spend, and the more tired 
walk a considerable distance on a level gro 


ergy is never lost. 
gh 5 metres, I do 490 joules of 


tons) during the 


re work you do 
you feel, When you 
und, you do not do any work. 


against gravity because you do not rise vertically through any distance. 
But you do feel tired, which indicates that you have spent energy. This 
means that you have done work. What force have you overcome? А ball 
which has been kicked rolls further on a smooth cement floor than on a 
gravel path Explain why, and trace all the energy changes that occur from 
the act of kicking till the ball stops. 

We learned in Chapter 2 of a unit of heat energy called the ‘calorie . 
the amount of heat required to raise the temperature of one 


One calorie is 
gram of water by one degree Centigrade. Thus to raise the temperature of 
100 g of water by 20 degrees Centigrade would require 100 x 90 = 2 000 
calories. This heat energy could be provided by an electric heater i.e. by 
an electric current, Assuming that all the electrical energy developed in 
the heater is converted to heat energy in the water, then from the principle 
of conservation. ol energy, this would mean that the’ electrical. energy 
produced by the heater was 2 000 calories. But electrical energy is not 
measured in calories, which are only used for measuring heat energy. 
Electrical energy is measured in joules, and this raises the question how 

9 000 calories, or for that matter how many joules 


many joules are equal to 2 
are equal to 1 calorie. An Englis ‚ James Prescott Joule, made 


experiments and established the 
calorie. Fhe unit ‘joule’ has been named after him. This also raised the 
question that if there is no separate unit for electrical energy why should 
there be a separate unit, the calorie, for heat energy. Energy is a unifying 
Physics, and it is therefore advisable that we have one common 
unit to OC all forms of energy. This unit is the joule. It is becoming 
increasingly common to measure heat energy also in joules, and to refer 
to the heat required to raise 1g of water by 1°C as 4.2 joules and not 
as 1 calorie. To give you some idea of how much energy 1 joule represents, 
the work done in lifting an apple from the floor on to a table is about 1 
joule. In a hard day's work а man might expend about 1 million joules. 
Ilt would be most helpful at this stage to read over Chapter 2 again, 
bearing in mind that in all cases ef transformation of energy, there is 
The energy may sometimes be transformed 


principle in 


neither loss nor gain of energy. 
from forms that are useful to forms that are useless, e.g. sound апа heat 
may be produced, but energy is never lost. In cases where it is transformed 
from useful forms to forms that are not useful we say that the energy has 


been dissipated. 


6. Machines 


А simple machine is a device that enables us to do work more easily than 
would be possible without it. Every time we use a knife or a fork, lift earth 
or sand with a shovel, turn a screwdriver, climb a staircase, turn a door 
knob, or steer a car, we are using a simple machine. 

Some simple machines make it possible to multiply force. Suppose it was 
necessary to change а flat tire on a motor car. A man cannot exert enough 
force to lift the car so that the tyre can be changed. With a car jack, the 
force which he exerts on the jack results in а force many times greater being 
applied to the car. For this reason the jack is said to multiply the force 
that the man exerts upon it. Bottle openers, scissors, pump handles, can 
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fulcrum 
load arm effort arm 


Fig. 8.14 Terminology of the lever 


Openers, nut crackers, 
multiply force. 

Some simple machines are used to 
example, the pedal of a bicycle is arranged so that the rider с 
downward with his legs and the force he exerts will pull him forward. The 
single pulley at the top of a flagpole enables a downw 
flag upward to a great height. Changing the direction 
the only reason for using a simple machine. 

Some simple machines make it possible to gain speed and distance, 
When you sweep with a broom, your hands should move slower and 
through a shorter distance than the bristles of the broom до. When you 
lift earth on a shovel, the earth should travel faster and through a greater 
distance than your hands do. Fishing rods, hockey sticks, and cricket bats 
also make a gain of speed and distance possible. 

We shall now study a few simple machines. 

The lever. A scientist in ancient times is said to have claimed 'Give me 
a lever long enough and a place upon which to Support it, and I could lift 
the world!' ОЁ course such a feat would be impossible, but without the 
use of levers, our modern civilization could not exist. 

We all use levers every day. Our fingers, arms 
using them we can move about, pick ир objects, 
ways. Knives, forks, shovels, brooms, 


pliers, and wrenches are all simple machines that 


of a force is often 


‚ and legs are levers, By 
and apply force in many 
and scissors are other levers that we 
help us understand how we can use 
. ote that the point about which the 


moments we see that 


Load x load arm = Effort x effort arm 


Load 
on effort arm 


Effort. 


load arm 


This means that the force applied will be multi 


[ plied by as many times 
as the effort arm is greater than the load. 


arm. Thus in Fig. 8.15 a force 


effort 196 N 


Fig. 8.15 Multiplication of force by a lever 


equal to the weight of 50 kg i.e. а force of 490 N (N being the symbol for 
newton) will be needed to raise the 100 kg load when the effort arm is only 
twice as long as the load arm, but a force equal to the weight of 20 kg i.e. 
a force of 196 N is enough when the effort arm is five times as long as the 
load arm. 

In Chapter 5, Fig. 5.7, diagrams of many levers are shown. Study each 
lever, and, noting the positions of the fulcrum, load and effort in each 
case, try and estimate how long the effort arm and the load arm are in each 
case, and from these estimated values work out by how much the effort 
force is multiplied to produce the force acting on the load, or in other 
words how many times greater the force got out is than the force put in. 
For example take a pair of scissors, measure the effort arm and the load 
arm with a ruler, and from these values calculate how much force is exerted 
on the material being cut when you apply an effort force of 1 N to the 
scissors. 

The pulley. Fig. 8.16(i) shows a single fixed pulley. This does not multi- 
ply the applied force, or effort, into a greater force to lift the load. It merely 
changes the direction of the applied force. By pulling down on a rope we 
can hoist a flag up to the top of a high flag pole. Here the use of the 
machine lies in its convenience; it is easier to lift the load up to a great 
height by pulling down, even though we must exert as strong a force as the 
weight of the load. 

Fig. 8.16(ii) shows a single movable pulley. This does not change the 
direction of the applied force — an upward force is required to move a 
load upward, but it multiplies the effort by two or in other words an effort 
equal to half the weight of the load is required. 

Fig. 8.16(iii) shows a combination of the two. Such a combination 
provides the advantages of both the pulleys described above i.e. this 
system enables the lifting of a load by a force equal to only half the weight 
of the load, and enables the lifting to be done by a downward force which 
is more convenient. 

More elaborate pulley systems, which produce forces four times and six 
times as great as the applied force, and with the convenience of a down- 
ward direction for the effort as well, are shown in Fig. 5.12. Such a pulley 
system, known as a ‘block and tackle’, makes it possible to lift very heavy 
loads with much smaller efforts. Draw a diagram of a block and tackle 
system with fcur pulleys in each block, the rope starting from the upper 
block and the effort being downward. Calculate the number of strands of 
rope that support the load, and work out how much effort is required to 
lift a load of 8 kg. Remember that whatever effort is applied will operate 
throughout the entire length of the rope, i.e. along each strand, and that 
the entire load is shared by all the strands so that each strand bears only a 
proportionate fraction of the load. 

The wheel and axle. The wheel and axle consist of a wheel mounted on 
an axle of smaller radius. Ropes are coiled around each in opposite 
directions as shown in Fig. 8.17(i). The effort, applied at the end of the 
rope coiled around the wheel, can lift a much heavier load at the end of 
the rope coiled around the axle. 


10 kg 


98N 
(i) Single fixed pulley 


49N 
49 N 


10 kg 
(ii) Single movable pulley 
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49М 


10 kg 


49М 


(iii) А combination of a fixed 
and a movable pulley 83 
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i 
To understand the multiplication ol force developed by this machine, 
imagine that you were looking at the apparatus along the line of sight 


line of sight p МТ 
rz E CHHEHI 


effort 


Fig. 8.17 (i) Principle of the wheel and axle 


(ii) 


(ii) The wheel and axle works on the lever principle 


indicated by the arrow. What you would see is shown in Fig. 8.17(ii). The 
load and the effort exert opposite moments, Тће clockwise moment = 
effort x R and the anticlockwise moment — load x r. If they balance each 
other. then applying the principle of moments we have 


load x r — effort x R 
lad _ R _ radius of wheel 


or, > Li 
effort Y radius of axle 


Thus if the radius of the wheel is 12 times the radius of the axle, the force 
got out will be 12 times the force put in, or in other words we can lift a 
load with an effort equal to onc-twelfth of its weight. A common form of 
the wheel and axle'is the winch shown in Fig. 8.18. 

Another example is the turning of the steering wheel of a motor car. 
‘The effort is applied to the rim of the steering wheel. The load is the 
resistance to be overcome in moving the front wheels of the car. The axle 
connected to the steering wheel moves the load and turns the front wheels. 
If the steering wheel came off it would require enormous strength to steer 
БӘЛЕ The winch the car by grasping this axle. 

Look at Fig. 8.17(ii) and compare it with Fig. 8.14. You will soon realise 
that the wheel and axle is another application of the lever principle. The 


radius of the wheel is the effort arm, and the radius of the axle is the load 
arm. 
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The inclined plane. When men load and unload heavy objects from a 
truck they often use another simple machine. It is merely a long plank or 
platform extending from the bottom of the truck to the ground, up or 
down which the load travels. 


Fig. 8.19 The inclined plane 


То understand thc multiplication ol force in this machine, study 
Fig. 8.19. To move the object from А to B requires work to be done. The 
effort, represented by force P. moves the body through a distance L, the 
length of the plane, in its own direction. Thus the work done, being force 
x distance. is equal to P X L. But this work is equivalent to the raising of 
the load, represented by the force W, through the vertical distance h, and 
so is also equal to W X h "Therefore; 


уу хир PST 


Ww 1. 
ог -— = - 
Р. ћ 
А Load length of plane 
in other words, ——-- = — 2- `- 
Effort vertical height of plane. 


“The system has been described as a means of ‘diluting gravity’. instead 
of a greater force moving a body through a shorter distance, a smaller torce 
does the same work by moving the body through a greater distance. The 
greater force, the weight of the body, is diluted into a weaker force at the 
expense of moving it through a greater distance. 

Inclined planes were among the first simple machines used by man, and 
are still used in a great variety of ways. A staircase, а road winding up a 
hill, and а ramp are all examples of an inclined plane. 

Jt is thought that a huge inclined plane was used during the construc- 
at Pyramid near Cairo. Over two million limestone blocks 


tion of the Gr 
were used to build the Pyramid each having а mass of more than 2 000 kg. 
100 000 slaves are estimated to have worked for 20 years (6 build it. 


The Gear. A gear is a wheel with teeth around its rim. Гуо gear wheels 
with properly cut tecth can be fitted together so that as one is turned it will 
turn the other, but in the opposite direction, as shown in Fig. 8.20. If the 
first wheel has 10 teeth, or cogs as they are also called, and the second 
wheel has 20 teeth engaging. or meshing, with the teeth of the first wheel, 
then 25 the shaft A turns the first wheel clockwise, the second wheel is 
turned anticlockwise at half the speed but with twice the turning effect. 


or moment, or ‘torque’ as it is also called. In other words speed is sacrificed 


Fig. 8.20 


Geared wheels 


for increase in turning effect ог torque. In this case A is the driving gear 
and B the driven gear. Note that the operation can be reversed i.e. B can be 
turned causing A to turn faster but with less torque, or in other words 
torque is sacrificed for increase in speed when the driving gear has more 
teeth than the driven gear. If the driving gear has 60 teeth and the driven 
gear has 10 teeth, the driven gear will turn 6 times as fast as, but w 
sixth the torque of, the driving gear. 

The toy motor сат uses the gear principle to gain speed at the expense 
of torque. When the key is turned clockwise a spring is wound up which 
when released turns the key anticlockwise. The key is on an axle or shaft 
fitted with a driving gear of many turns which meshes with the driven gear 
of fewer turns (sometimes through а third gear). The wheels are fitted to 
the same axle as the driven gear. As the key turns anticlockwise at a certain 
speed, depending on the strength of the spring, the wheels turn clockwise 
аг greater speed. 

Open the back of а toy motor саг. Count the number of teeth on the 
driving gear and the number of teeth on the driyen gear. Divide the first 
number by the second number and note the answer. Turn the key anti- 
clockwise and count the number of times the wheels turn for one turn of 
the key. Compare the first number you noted with this number. Now 
while turning the key place your finger against а wheel and try and com- 
pare the torque or turning strength of the key with that of the wheel. 
Which is greater? In this case we have a slow-moving engine 
moving car. 


ith one- 


and а fast- 


The reverse process i.c. gaining torque at the expense of speed is 
employed in the engine of a car when it is ascending a hill. It requires more 
torque to go up а hill than to drive along a level road, and so the driver 
changes gears, and engages or meshes a driving gear of fewer teeth with a 
driven gear of many more teeth. The higher the ratio of teeth on the 
driven gear to teeth on the driving gear, the greater the torque developed. 
In this case we have a fastanoving engine and a slow-moving car. 

In conclusion we must note that while some machines are direction 
changers, and others are force-multipliers and others are speed-multipliers, 


none of them are energy-multipliers. This follows from the law of conser- 
vation of energy which we studied in the last section. 


Questions 


1 Explain the difference between vector and scalar quantities. Give 
four examples of each. 


2 What is meant by the ‘magnitude’, ‘direction’, ‘sense’, ‘line of 
action’ and ‘point of application’ of a force? How is a force repre- 
sented graphically? Explain how this form of representation in- 
cludes all the aspects of a force enumerated earlier in this question. 


3 Explain why vectors cannot be added by the same laws of arith- 


metic by which scalars are added. Explain how two inclined vectors 
are added. 


4 


6 


9 


> 


10 


12 


а Find the resultant оГ two forces, of magnitude 75 N each, exerted 
on an object if the angle between them is 60°. 

b What would be the effect оп the magnitude of the resultant of 
increasing the angle between the forces? 

c How could these forces be made to yield a larger resultant? 

Three lorces acting at a point are in equilibrium. Two of thesc 

lorces are 20 N and 30 N respectively, acting at right angles to each 

other. Find the direction and magnitude of the third force. 


Calculate the moments about the pivot of the following forces: (give 

the answers in ‘newton metres.) 

a A force of 10 N, if its line of action is at a perpendicular distance 
of 40 cm from the pivot. 

b A force of 0.5 №, if its line of action is at a perpendicular distance 
of 8 m from the pivot. 

с A force of 60 N, if its line of action is at a perpendicular distance 
of 2m from the pivot. 


Find the magnitudes of the lollowing forces: 


a A force which gives a moment of 600 newton metres about а 
pivot at a perpendicular distance of 8 m [rom its line of action. 
b A force which gives а moment of 560 newton metres about a 
pivot at a perpendicular distance of 70 m from its line of action. 


Find the perpendicular distance from the pivot to the line of action 

of the following forces: 

a A force of 14 N which gives à moment of 420 newton metres about 
the pivot. 

b A force of 27 N which gives à moment of 108 newton metres 
about the pivot. 


A minimum force of 70 № is needed to open a still tap when а 
handle 30 cm long is used to turn the tap. What would be the 
minimum force needed if the longest handle available were only 
10 cm long? 


A rod whose weight may be neglected, and which does not bend, 
is balanced across а knife-edge. The rod remains in equilibrium 
when a 1.0 kg weight hangs from a point 60 cm from the knife-edge, 
and a stone of unknown weight hangs from a point 40 ст from the 
knife-edge. Find the moment produced by the 1 kg weight, and 
thence write down the moment produced by the stone. Calculate 
the weight of the stone. Does the knife-edge exert any force on the 
rod? If so, how great a force and in what direction? 


You are provided with a metre stick, a piece of string, a 50 gram 
weight and a knife-edge. Explain, with a diagram, how you would 
use these to find the weight of the metre stick. 


A rod 120 cm long is pivoted at one end and hangs vertically, A 
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14 


16 


18 


19 


piece of string is fastened to the rod ага distance of 25 cm from the 
pivot and is pulled horizontally to the right with a force of 10 N. 
Another piece of string, attached to the free end of the rod, is pulled 
horizontally and to the left with a force of 5 N. At what distance 
from the pivot, and in what direction, must a horizontal force of 
7 N be applied to stop the rod turning? 


Explain the difference between ‘distance’ and ‘displacement’, and 
between ‘speed’ and ‘velocity’. t 

A stone, tied to a string, is whirled around in a circle so that it 
covers equal distances along the circle in equal intervals of time. 
Which of the following: (i) the displacement of the stone (ii) the 
speed of the stone (iii) the velocity of the stone, are constant? Give 
reasons. 

Does the stone have an acceleration? If so is its acceleration con- 
stant? Give reasons. 


A plane travels 80 km north. It then travels 64 km in a direction 60° 
east of north (i.e. on a ‘true bearing’ of 0607), and finally 120 km in 
à direction 70° south of west (i.e. in a direction 200° east of north 
viz. on a "true bearing’ of 2009). By drawing a scale diagram cal- 
culate its total displacement. 


Using a scale of 1 cm to represent 40 km/hr, construct a vector 
diagram to find the resultant velocity for an aircraft that is travel- 
ling with a velocity of 480 km/hr due east, and is dellected off 
course by a north wind blowing at 160 km/hr. 


lt in the above problem the plane flew with the same speed of 
480 km/hr in the same wind, calculate by drawing a vector diagram 
the course it would have to steer if it wished to move due east. 


In an experiment, a body moved the following distances in succes- 
sive intervals of one-fifth of a second each: 


5.0, 8:2; 11.2, 144, 17.5, 90.7 metres. 


Write down its velocity in the first one-fifth second 


‚ and its velocity 
in the last one-fifth second, and from these calcul 


ate its acceleration. 
What is meant by the statement that 'g = 9.8 m/s? 

A body falls freely for 7 seconds. Using this value of 'g calculate 
its velocity at the end of that timc. 

For each of the following pairs of places, state with reasons, 
whether the value of ‘g’ would be exactly the same at both places; 
if not, state, with reasons, in which of the two places you wouid 
expect it to be greater: 

a Calcutia and Darjeeling 

b Ghana and London 


с The North Pole and the South Pole. 


A body starts from rest and moves with an acceleration of 30 m/s 
How long will it take to acquire a velocity of 480 m/s? 


21 


22 


28 


24 


26 


27 


A car travelling at 36 km/hr is brought to rest in 10 seconds, Find 
its negative acceleration (or deceleration). 
Give another example of a body moving with a deceleration. 


a What is meant by ‘work’ in the scientific sense? 


b Why is less work done in pushing an object 1 metre along 
a smooth horizontal surface than in lifting it vertically through 


a height of 1 metre? 


Calculate the work done in joules in each of the following cases. 

Take 1 kg to weigh 9.8 N. 

a A 5 kg mass is lifted vertically through 2 metres. 

b A force of 10 N moves a body through 40 cm in its own direction. 

c A boy weighing 50kg climbs up a flight of 20 stairs each of 
vertical height 20 cm. 

Give one example of each of the following transformations: 

a potential energy to kinetic energy. 

b kinetic energy to potential energy. 

с chemical energy to heat energy. 

d heat energy to kinetic energy. 

е kinetic energy to heat energy. 

f electrical energy to heat energy. 

g electrical energy to light energy. 

h electrical energy to kinetic energy. 

i electrical energy to chemical energy. 

j chemical energy to electrical energy. 

1 lift a 1 kg mass to a vertical height of 10 metres. How much work 

have I done? How much energy have I spent? What has happened 

to the energy I have spent? Can 1 recover it in any way? 

Use the above situation as a basis for explaining what is meant by 

the ‘conservation of energy’. 

How many joules are equal to one calorie? Who was it who first 

determined this value accurately? Give reasons for and against 

doing away with calories and expressing heat energy in joules. 

Which reasons do you feel are the more compelling? What is the 

view of scientists all over the world in this matter? 


State three ways in which machines can help us, and for each of 
these three ways give an example of a machine which helps us in 
that particular way. 


You have studied the following machines: 

(i) the lever (ii) the pulley (iii) the wheel and axle (iv) the inclined 
plane (v) the gear. 

Given below are a list of a number of common devices, each made 
up of one or more of the above machines. Decide which type of 
machine each device is, and write the number of that machine 
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28 


29 


i ice i more 
beside the name of the device. If a device is made up of two —-—— 
simple machines, write down the numbers of each of the m: 
in that device, 


;piral 
(a) knife blade, (b) reel on а fishing-rod, (c) wheelbarrow, (4) ШЕ. 
staircase, (е) crowbar, (f) door knob, (2) block and tackle, (h) y We 
(i) oars, (j) steering wheel of a сат, (A) gangplank for ships, ( X E 
cracker, (m) mechanism for winding up a \оу car, (n) 3 E 
nism {ог changing the torque (turning effect of t 


wheels) in a car, (p) seesaw, (4) bicycle pedal and chain system, 
(7) the bicep, (8) arrangement which builders u 


etc. up to the height at which they are wi f 
(и) ramp, (0) the common balance (w) plank up which barrels od 
oil are loaded 9n to a truck, (x) a chute for sending down goods 
from a greater height to a lower one, (у) a pump handle such as on 
à tube well, (2) а shovel, 


( 
зе to carry cemen 
orking, (1) tweezers, 


ing cases: 


а` а lever in which the effort 


b a wheel and axle i 
the diameter of th 


arm is 80 cm 

n which the radius of the wheel is 40 cm and 

€ axle is 10 cm, 

€ a single movable pulley, 

d a combination of а single movable 
pulley. 


and the load arm 5 cm. 


pulley and à single fixed 
e an inclined plane whose length is 4 metres and whose vertical 
height is 80 cm, 


and the driven 


eet) is (а) the speed (b) the torque, convert- 
ed by this machine; 


9 
Моге About Liquid and 


Gas Pressure 


1. Fluid pressure 
The term ‘fluid’ applies to any substance which can flow, and includes 
both liquids and gases. 

If a hole were made in the side of a beaker which contained water, the 
water would pour out through the hole and you would have to press on 
the hole from the outside in order to keep the water in place. You would 
have to apply pressure from the outside to balance the pressure of the 
water from inside the beaker. The same thing would happen if you made 
a hole in the surface of a container in which there was a gas. The gas also 
exerts a pressure on the sides of its container. 

How is this pressure in fluids caused? We shall consider the case of 
liquid pressure and of gas pressure separately, as the situation is some- 
what different for the two. 

It is obvious that a liquid exerts a downward force because of its 
weight. Since a liquid is not easily compressed and its molecules can flow 
over one another readily, a liquid also exerts a sideways force and an 
upward force. Thus a liquid exerts force, and therefore pressure, in all 
directions at any point in its mass. We can prove this by ап experiment. 

For this experiment we shall need some way of measuring the pressure 
at a point in a liquid. We shall construct a simple pressure gauge in the 
following way. Cover the mouth of a thistle funnel with a thin tightly 
stretched. rubber sheet e.g. from a rubber balloon or the bladder of a 
football. Then connect the stem of the funnel to a U-tube containing 
mercury with air-tight rubber tubing as shown in Fig. 9.1. When P, the 
pressure on the rubber sheet covering the mouth of the thistle funnel, is 
the same as the atmospheric pressure, the levels of mercury in the two 
limbs will be the same, i.e. А will be at the same horizontal level as B. I£ P 
is now increased, the pressure on A will increase and A will move down 
and B will move up. The greater the increase in P, the more will A move 
down and B up i.e. the greater will be the vertical difference between A 
and B. If P was made less than atmospheric pressure, then B, on which 
the atmosphere is pressing, will move down and A will move up. 


EXPERIMENT 9.1 
Lower the covered mouth of the thistle funnel into liquid contained in 
a beaker. (see Fig. 9.7 (ii) and (iii) ) Keeping the centre of the circular 


atmospheric 
pressure 


rubber 
membrane 
P 


Fig. 9.1 A simple pressure gauge 
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(i) 


(iii) 


Fig. 9.2 To measure the pressure 


at a point in a liquid 
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sheet which covers the mouth at exactly the same position, point the 
mouth in different directions — downward, upward, and sideways. As 
long as the centre, or average position of the mouth, remains at the 
same position the difference in height between А and DB remains 
the same, no matter which way the mouth points. This proves that 
pressure at a point in a liquid is the same in all directions. 


The molecules in a gas are very much farther apart than the molecules 
in a liquid, and are moving with almost complete freedom. The volume 
of the molecules themselves is very much smaller than the volume of the 
gas as а whole since the molecules are far apart, and so gases weigh very 
little, volume for volume, compared with solids and liquids. Because of 
the very free movement of its molecules any sample ol gas resists compres- 
sion and keeps on increasing in volume until it encounters resistance, a: 
Гог example from the walls of a container. The molecules hit against and 
rebound from these walls like hail. Their impact against the walls of the 
container is the pressure of the gas on the container. Does the push on the 
wall vary from point to point? If the gas is uniform, and left to itself it will 
be, the average number of molecules striking equal areas of the walls of 
the container will be the same everywhere, and the gas will push impartially 
outward in all directions. This means that in a contained gas, the pressure 
is the same at all points throughout the gas. 


Let us now make two more experiments to investigate the pressure at a 
point in a liquid. 


EXPERIMENT 9.2 


Lower the pressure gauge into liquid contained in a vessel. The deeper 
the mouth of the gauge is lowered into the liquid, the greater the 
difference in level between A and B. This shows that pressure at a point 
in a liquid increases with depth. (see Fig. 9.2 (i) and (ii) ). 


То explain the increase in pressure with increase in depth, we consider 
the liquid to be divided into thin layers. The top layer exerts pressure due 
to its weight on the layer just below i 


. Both the layers together exert 
pressure on the layer just below them, and so on. The deeper any layer is, 
the greater is the number of layers above it, and so the greater will be the 
pressure on it. 

The same reasoning would apply to a large column of fluid eg. the 
atmosphere. In a contained mass of gas however the pressure is the same 
at all points irrespective of their position. 


EXPERIMENT 9.3 


Lower the pressure gauge down to the same depth, e.g. 20 cm below 
the surface, in different liquids. It will be seen that the heavier the 
liquid is, i.e. the greater its density, the greater will be the pressure at 
that point. This is readily understood from what has been said before. 
Layers of equal thickness of different liquids have different weights 


and so exert different pressures, the layers of heavier liquids having 
greater weight and therefore exerting greater pressure. This experiment 
shows that the pressure ata point in a liquid increases with the density of 
the liquid. 


2. Boyle’s Law 


Study Fig. 3.10 again, Here we saw that if the pressure of a gas is increased 
its volume is decreased and vice versa. We shall now go a step further and 
consider just how much the volume of a gas will change for a given increase 
in pressure and vice versa. Throughout our discussion we shall consider 
the temperature of the gas to remain constant, and only consider the 
volume and the pressure changes, and how they are inter-related. 
Consider а certain mass of gas. Imagine its volume to be halved while 
its temperature remains constant. There are now twice as many molecules 
in every 1 cm* volume than there were before, and consequently twice as 
many impacts against every ] cm? area of the walls of the vessel i.e. twice 
as great a pressure. Thus if the volume is halved, the pressure is doubled. 
Now imagine the volume to be doubled. There will now be half as many 
molecules in every 1 cm? volume than there were before, and consequently 
hall as many impacts against every 1 cm? area of the walls of the vessel 
i.e. hall as much pressure. Thus if the volume is doubled, the pressure will 
be halved. By similar reasoning, it is clear that if the volume is decreased 
hat it was, the pressure would become three times as great, 


9 Р 
made — times what it w 


to one third of w 


s, the pressure would become 


or if the volume w: 


— times what it was. 
9 


in a certain ratio the other decreases in the same ratio, and vice versa, is 
known as an inverse proportion. Expressing what has been discussed above 
in a single sentence would lead to the following statement: 


Such a relation in which as one variable increases 


The volume ој a fixed mass of gas is inversely proportional to its pres- 


sure, temperature remaining constant. 


This relationship was first established by an English scientist, Robert 
Boyle (1627—1691), and is therefore known as Boyle's Law. 

"The volume of a gas is measured in m? if it is quite large, or in cm? if 
it is a smaller volume. 1 000 cm? is relerred to as a litre. 


The pressure of a gas is often measured in the same units as atmospheric 


pressure viz. in te ; 
which that pressure can support i.e. im п 
pheric pressure і.е. а pressure ol 76 cm of mercury is referred to as a pressure 
of ‘1 atmosphere’, and so the pressure of a gas is sometimes measured in 
"here are other units for measuring pressure and we shall 


study these in our next year's Physics course: | 
We shall now consider a few examples of Воује Law i.e. a few volume- 
of a fixed mass of gas at constant temperature. 


in cm of mercury’. Normal atmos- 


‘atmospheres’. 


pressure changes 
Example 1. 500 m* of hydrogen gas are measured at a pressure of 75 cm 
t volume will this gas occupy if the pressure is increased 


ol mercury. Wha cct д 
temperature remaining constant? 


to 80 cm of mercury, 


rms of the height of mercury column (as in a barometer): 
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opening seal 
(i) 


— — 


CONTE 


opening Seal 
(ii) 


Fig. 9.3 (ђ A hydrostatic valve 
(8) How we represent а 
valve in diagrams 
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". 3 2180 
Solution. Since the pressure is increased іп the ratio En ‚ the volume 


will be decreased in the ratio = and will therefore become 
75 > 
(500 x —) m? = 468.75 таз. 
80 


Example 2. 10 litres of air at atmospheric pressure (i.e. at 1 atmosphere 
pressure) are to be compressed to 2 litres volume. What pressure will be 
required to do this, assuming the temperature remains constant? 


3 Я + ә g WP 
Solution. Since the volume is to be decreased in the ratio ——, the 


О 


Е А Р 2,110 . 
pressure will have to be increased in the ratio —, and will therefore have 
9 


to become 1 x = = 5 atmospheres. 


Example 3..In a chemical experiment, 447 cm? of oxygen were collected 
at room temperature and a pressure of 76 cm of mercury. What volume 
would this quantity of oxygen occupy at the same temperature and a 
pressure of 57 cm of mercury? 


5 : Р BS 
Solution. The pressure is decreased in the ratio E and so the volume 


T" z "vi , 
will increase in the ratio ru and will therefore become 


447 x MS cm? = 596 стз. 
57 


3. Pumps 


We shall now study a few simple machines which operate on changes in 
fluid pressure. 


Since all these machines incorporate a device known as a valve we sha!l 
first explain what.a valve is. A value is a device that allows flow in one 
direction only. See Fig. 9.3(i). Fluid can only flow in the direction indicated 
by the arrow. It could not flow in the opposite direction as the seal would 
then close the opening. Fig. 9.3(11) shows the simplified representation of a 
valve that we shall use in diagrams. 


The Lift Pump. (see Fig. 9.4) This pump is used to lift water from a 
tube well up to ground level. It consists of a narrow tube dipping into the 
liquid to be pumped up, and a broader barrel joined to the tube. An 
airtight piston or plunger, can be made to move up or down the barrel, 
by means of the pump handle that works on the lever principle. There 
are two valves У; and У,. У;, called the foot valve, is placed where the tube 
joins the barrel, and V, is placed in the piston. Both valves open upwards 
and close downwards. 

When the piston is lowered the air between V; and V; is decreased in 
volume and so its pressure increases. This causes V; to close and У, to open. 
As the piston moves downward, the air between V, and Va escapes 
through У,, until V, reaches the position of V,. 


When the piston is raised the air between V, and V, is increased in 
volume and so its pressure decreases. This causes У, to open and У, to 
close. The atmospheric pressure Р, pressing on the liquid, being greater 
than the reduced pressure between V, and Va, forces liquid through V, 
into the space between V, and Vz. 

When the piston is again lowered V, is again closed and У, opened and 
the liquid passes through У, and collects above it. 

When the piston is again raised V, is again opened and V, closed. More 
liquid is forced by the atmospheric pressure through V;, and the liquid 
which had collected above V. is lifted up the barrel and delivered out at 
the spout. 

The fact that the liquid is lifted on the piston gives this pump its name. 
"The water comes out of the spout when the handle is lowered because 


this raises the piston. 

It is elear that it is the atmospheric pressure which pushes the liquid 
up through V, into the barrel. Atmospheric pressure at sea-level can, as we 
have seen, support a column of mercury 76 cm high. Since mercury is 13.6 
times heavier, volume Гог volume, than water, this same pressure could 
support a column of water 13.6 x 76 cm or 1033.6 cm or 10.336 m high. In 
practice, mainly owing to leakage between the piston and the cylinder, 
the vacuum in the barrel is by no means perfect and the water will not 
rise much more than 7.6 m, and so when this pump is being used to pump 
water, the foot valve must not be more than 7.6 m above the level of the 
water in the well. 

If any other liquid is being pumped this distance can be calculated in 
the same way using the density of that liquid. Thus if a liquid like petrol, 
which is 0.8 times as heavy as water, is being pumped out, the atmosphere 
can support a higher column of this lighter liquid, and the safe height 


"A 
7.6 
would then be — m or 9.5 m. 


2.8 
On the other hand if a liquid like sea water, which is 1.02 times as heavy 
as water, is being pumped out, the atmosphere can support a shorter column 


> 


1 2 7.6 
of this heavier liquid, and the safe height would then be Te m or 7.45 m. 


When lift pumps are used for pumping water out of deep wells, the 
barrel of the pump is placed down in the well shaft. The piston rod is 
long and can be operated from the top ol the well. 


The Force Pump. (see Fig. 9.5(4)) The force pump is used for forcing 
liquid, usually water, to a great height e.g. from storage tanks at ground 
level to overhead tanks on the top of а high building. 

It consists of a barrel and a tube dipping into the liquid to be pumped, 
and a side tube at the foot of the barrel. А solid piston, without a valve, 
operates in the barrel. There are two valves, The foot valve V, at the 
junction of the barrel and the tube dipping in the liquid, and valve V, at 
the junction of the barrel and the side tube. V, opens upward and closes 
downwards; Vs opens away from the barrel and clóses rowena the barrel. 

When the piston is lowered the air between the piston, ME and V, is 
and therefore its pressure increases. This causes V, 


decreased in volume 


Fig. 9.4 


The lift Pump 


Fig. 9.5 The Force Pump 
(i) without an air dome 
(ii) with an air dome 
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to close and V, to open and this air is forced out through М, as the piston 
descends to the level of V,. 


air dome 


When the piston is raised the air between the piston, V 


and therefore its pressure 
open and V. to close, and the 


being greater than the reduced. pressure between V 
forces liquid through V, into the 


» and V, is 
This causes Vi to 
pressing on the liquid, 


По Ма, and the piston, 


increased in volume decreases, 


atmospheric pressure Р 


space above it. 
When the piston is again lowered V, is again closed and У, opened and 
the liquid above Vi is lorced out through V. into the side tube. 
When the piston is again raised V 


; is again opened and V, closed. 
Atmospheric pressure forces more liquid through Vi, and since V, is closed 


the liquid forced into the side tube during the previous downstroke can- 
not return into the barrel. 

Thus on every upstroke more liquid is drawn into the barrel through 
V,, and on every downstroke liquid is forced out into the side tube 
through У„. This liquid collects in the vertical side tube which may be as 
high as is consistent with the force available to push the piston down, and 
the strength of the material which must bear the greater pressure involved. 

It is clear that liquid will be delivered out of this vertical side tube only 
on the downstroke of the piston, and therefore will come out in intermit- 
tent spurts. À fairly continuous flow can be arranged by introducing an air 
dome as shown in Fig. 9.5(11). On every downstroke liquid is forced out 
of the vertical side tube, and at the same time liquid rises in the air dome 
compressing the air in it. On the next upstroke this compressed air 
releases itself of the greater pressure it acquired in the previous downstroke, 
and in doing so, forces liquid out through the vertical tube. Thus liquid 
-is forced out during upstrokes as well as downstrokes. 

Since, as in the lift pump, it is atmospheric pressure which forces the 
liquid into the barrel through the foot valve Vj, this valve should not be 
at a greater height above the liquid level than the practical limit of 
approximately 7.6m for water, and corresponding heights for other 
liquids, as explained in the case of the lift pump. 

It is interesting to note that the piston rod of a force pump must be short 
and thick to prevent it from buckling, since the maximum force is exerted 
on it during the downstroke. In the lilt pump, however, the piston rod may 
be long and thin, since most of the work is done on the upstroke, when it 


experiences the greatest strain, and so there is no tendency for it to buckle. 


The Compressing Pump. "This pump is used to pump air into a receiver 
such as a bicycle tyre tube, а motor car tyre tube, a football bladder, or a 


balloon. и ETIS 
The basic construction of this pump is shown in Fig. 9.6. A piston 


works in the barrel. There are two valves: V, on the piston and V, in the 
tube. Both valves open towards the receiver and close away from the 


receiver. 


receiver 


Fig. 9.6 The Compressing Pump 


As the piston is pushed in i.e. moved towards the receiver, the air bet- 
ween V, and V, is compressed (decreased in volume and increased in pres- 
sure). This causes V, to close and V, to open, and the air that was between 
V4 and V, is forced through V, into the receiver. ү | 

As the plunger is pulled out іе. moved away from the receiver, the air 
between V, and V, is rarefied (increased in volume and decreased in pres- 
sure). This causes V, to open and V, to close. The air that was pumped into 


flexible 
rubber 
tubing 


| | air 
passes 


through 
hole by 


Fig. 9.7 
Showing the action of the 
valves of a bicycle pump 
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the receiver during the previous ‘instroke’ cannot return into the barrel 
since У, is closed. Air entering the barrel through the opening A is drawn 
in through V,, and during the next instroke of the piston, this air is forced 
into the receiver. ! 
Thus at every instroke air is pumped into the receiver, and at every 
outstroke this air cannot return into the barrel, but a fresh charge of air 
is drawn into the barrel, and this air is forced into the receiver during the 


А next instroke. 
outstroke instroke 


The Bicycle Pump. This is a very common form of the compressing 
pump. Its special features are the design of the valves V, and Va, shown 
in Fig. 9.7. 
М, is a soft leather washer slightly larger in cross-section than the 
barrel. V, is not in the pump but in the rim of the bicycle wheel. It consists 
бават of a soft elastic rubber tube, known as the valve rubber or valve tube, 
tightly stretched over a metal pipe closing a hole in it. The working of . 
the valves is shown in Fig. 9.8. ) 
On each instroke the air between У, and М» is compressed. This causes 
barrel the sides of the soft leather washer to be tightly pressed against the barrel 
which prevents any air escaping past the leather washer, which means V, 
valve V1 closes. The air between V, and У; becomes. more and more compressed, 
the piston becomes stiffer to push in, and finally the pressure becomes so 
great that the soft rubber valve tube begins to bulge outwards leaving a 
space between itself and the hole in the metal tube, which means that Va 
valve V1 opens. Air is forced out of the hole, through this space, into the receiver. 
On each outstroke, the pressure of the air between V, and V, drops and 
air on the other side of the soft leather washer, exerting a greater pressure 
on it, forces the outer rim of the soft leather washer inwards thus forming 
а gap between it and the wall of the barrel, which means that Vi opens. 
Air passes through this gap into the space between V, and V., The air 
previously compressed into the receiver presses on the outside of the soft 
re fe between Vy аш Va prese de шы Шал аг wth which the ай 
is therefore tightly pressed around the metal t bé жш Я 
which means that У, is closed, and air bad Nu ов Де кене 
, m inside the bicycle tyre tube 


valve, V2 ЛШ. 


wet 


outer tube 


Fijo . The bicycle pur Cannot return to the space between V; and Va 
: Two points are to be noted. The first is that the bicycle pump alone 
cannot be used to pump air, for example into a balloon. At ever diede 
air is pumped into the balloon, but at every outstroke it idi idt. into 
the barrel. The reason is that the bicycle pump does not contain the valve 
Va This is incorporated into the bicycle wheel. Тће bicycle Buta is 
therefore not a complete compressing pump, but only part of a compressing 
pump; it can never be used alone. 
The second point to be noted is that a bicycle pump becomes extremely 
hot when used, Only part of the energy Spent during the pumping 
is transformed into potential energy inside the tyre; the rest is ‘lost’, or 


dissipated, as heat. Why has the word ‘lost’ in the last sentence been put 
in inyerted commas? 
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4. Pascal’s Law and the Hydraulic Press 


We have studied in Volume 1 of this series that if а force is spread out over 
a large area, the pressure it exerts on that area is proportionately reduced. 
Ifa metal block measuring 4 cm by 5 cm by 10 cm and weighing 1 600 g is 
placed on its largest face, its weight will be spread over an area of 50 cm?, 
and so there will be a force equal to the weight of 1 600 g (which we shall 
call a force of 1 600 gf) spread over 50 cm? area, and therefore a force of 
190. 32 gf on every 1 cm? of the area, and we say that the block 
is exerting a pressure of 32 gf per cm*, or 32 gf/cm*, on the surface on 
whick it is resting. 

If the block were to be placed on its smallest face it would exert 


a pressure of — 600 or 80 gf/cm*. 


In general if a force F presses down on an area A, the pressure it exerts 


0 


force ; 
would Бег Thus pressure ——— — , and so pressure is defined as force per 
area 


unit area. 

T force A қ b Я 

Since pressure = —-—, therefore force = pressure X area. This means 

area 

that if an area is being subjected to a pressure, then a greater section of 
the area is subjected to a correspondingly greater force. This is why in the 
aneroid barometer described in Chapter 3, Fig. 3.17, the partially evacuat- 
ed box has an undulating, or corrugated, surface. This provides a greater 
surface area and so the total force exerted by the atmosphere pressing on 
the box is correspondingly increased. Why do we need to increase this 
force as much as possible? What other features of construction of the 
aneroid barometer make this ingreased force even greater? 

A liquid is practically incompressible; a tremendous pressure is required 
to diminish its volume by a very small amount. If an enclosed liquid is 
subjected to a pressure, this is transmitted equally throughout the liquid. 
This can be demonstrated by an ordinary watering can. When the can is 
tilted, a pressure is developed in the spout by the column of water pressing 
down on it, and the water issues from each hole in the spout with the same 
force. Would this happen if the holes were of different size? From which 
hole, the larger or the smaller, would the water issue with greater force? 

A scientist called Pascal made a similar experiment with a syringe 
ending in a spherical vessel with a number of holes of equal size in it. 
When this vessel is filled with water and the piston of the syringe is pushed 
in, water spurts out of all the holes with equal force as shown in Fig. 9.9. 

Pascal devised another experiment to demonstrate the transmission of 
forces through liquids. As shown in Fig. 9.10 it contained two pistons, 
one of which was one hundred times greater in area than the other. 
Pascal calculated that since, as shown in the previous experiment, the 
pressure was transmitted equally in all directions throughout the liquid, 
then greater areas should have correspondingly greater forces acting on 
them, and so an area 100 times greater should have a force 100 times as 

reat acting on it, and so if one man were to push on the smaller piston, it 
would take 100 men to hold the large piston in place. 


Fig. 9.9 


Pascal’s syringe 
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From what he concluded from his experiments Pascal stated the princi- 
ple that is now known as Pascal's Law as follows: 

When any part of a confined liquid is subjected to pressure, the | 
pressure is transmitted equally and undiminished to every portion of the 
inner surface of that containing vessel’. 


water 
Fig. 9.10 Pascal's experiment 


The Hydraulic Press (also called the Bramah Press). Pascal's Law is the 
underlying principle of the hydraulic press, which consists essentially of 
two cylinders, with air-tight fitting pistons, one of considerably greater 
area than the other as shown in Fig. 9.11. 


“МЭМ 


1 000 cm? 


Fig. 9.11 The Hvdraulic Press 


I£ the pistons are of area 10 cm? and 1 000 cm? respectively, then a force 
of 1 kgf exerted on the smaller piston would cause a pressure of 100 gf /cm? 
to be impartéd to the liquid contained in the cylinders and the section 
joining them. This pressure would be transmitted equally and undiminish- 
ed throughout the liquid so that a force of 100 gf would be exerted on 
every 1 cm? area of the large piston. Since this has an area of 100 cm?, 
this piston would receive a total force of 100 000 gf, or 100 kgf, and so 


would exert this force upward оп any body in contact with it. Thus а force 
of 1 kgf applied to the small piston is multiplied into a force of 100 kgf 
got out at the larger piston. 

This greatly increased force can be used to compress raw cotton before 
it is baled for shipment, to force metal sheet into moulds to make coins, 
to press plastic materials into hot moulds to make shoe soles, for raising cars 
so that mechanics and cleaners can work on them from below, for raising 
dentist's chairs etc. 


Questions 


1 How would you show by experiment that the pressure at a point in 
a liquid is the same in all directions? Draw a diagram of the appa- 
ratus you would use. 


2 Explain, with a diagram of the apparatus you would use, how you 
would investigate the manner in which the pressure at a point in a 
liquid depends on (а) the depth of the point below the surface of 
the liquid, (b) the density of the liquid. 


What would you expect these experiments to show? 


3 A quantity of gas is contained in a vessel closed by an air-tight piston. 
Explain why the gas exerts pressure on the piston. Is this pressure 
the same as that exerted by the gas on the walls and bottom of the 
vessel? Explain. 

The piston is now raised so that the volume occupied by the gas is 
doubled, How and why does the pressure change? How would the 
piston һауе to be moved in order to increase the pressure to three 


times its present value? 


4 Ina chemical experiment conducted at 20°С and 66.5 cm of mer- 
cury pressure, 104 cm? of carbon dioxide gas were collected. What 
volume would this gas occupy at 20°С and 76 cm of mercury 


pressure? 


5 А cylinder of internal volume 20 litres contains compressed gas at 
a pressure of 10 atmospheres. What volume would the gas occupy 
when allowed to escape into the atmosphere? 


6 А gas is contained in a vessel closed by a piston of weight 500 gf 
and of area 10 cm?. Taking the pressure of the atmosphere to be 
1 kgf/cm?, calculate the pressure of the enclosed gas. What extra 
weight should be placed on the piston to reduce the volume of the 


enclosed gas to three-quarters of its present value? 
7 Draw a diagram of the machine used to pump water from an 
underground well to the surface of the earth. Explain how the 


machine works. Is there any limit to the depth of the water below 


the lower valve of the machine? Explain fully. 
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Draw а diagram of the machine used to pump water from ground 
level to the top of a high building. Explain how the machine works. 
Is there any limit to the height to which the water can be pumped? 
15 there any limit to the height of the foot-valve above the water 
supply? Explaim fully. Why is it that the piston rod in this pump 
must be very thick and strong, while the piston rod of the machine 


described in Question 7 can be quite thin? 


Draw a diagram to describe the construction, and explain the 
working, of a compressing pump. How are the valves constructed 
in that form of this pump known as the bicycle pump? 


Why is it that (а) you could not use a bicycle pump to pump air 
into a balloon, (b) the bicycle pump gets very hot during use. 


State Pascal's Law, and describe an experiment to illustrate the 
law. 


Draw a diagram of the essential parts of a hydraulic press, and ex- 
plain how it works. State three uses to which such a machine can 
be put. 


In a hydraulic press the small piston has an area of 20 cm? and the 
large piston an area: of 1 000 cm?, A force of 500 gf is applied to the 
small piston. Calculate (a) the pressure imparted to the liquid, 
(b) the force with which the large piston moves up. 

Calculate the force that must be exerted on the small piston to raise 
a mass o£ 100 kg on the large piston. 
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Archimedes’ Principle i 


1, The principle 
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stone 


| water 
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Fig 10.1 Upthrust exerted on a body by a liquid 


Place a beaker of water on а household balance. Suspend a stone from a 
spring balance. (see Fig. 10.1). Note the readings of both balances. Now 


lower the stone gradually into the water in the beaker. The reading of 


6 ст 


Fig. 10.2 


apparent 
weight 


Cause of the upthrust 
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the spring balance will decrease until all the stone is immersed, and then 
it will remain steady. The stone appears to lose weight when it is immersed 
in the water, and the apparent loss in weight increases as more and more 
of the stone is immersed. When we say the body ‘loses weight’ by immer- 
sion, we mean that part of the weight of the body is being supported by 
something other than the spring balance. We can make a body ‘lose 
weight’ in this sense by pushing up on it with our fingers. In this case it 
must be the water that is pushing up on it, or exerting an upthrust on 
it. The ability of a fluid to exert an upthrust is called buoyancy, and the 
upthrust is often called buoyant force. When the stone is fully immersed, 
the strength of the upthrust is, in this case, 20 gf. Now take the reading 
of the household balance when the stone is fully immersed. It will be 
seen to be 20 g more than the first reading. This illustrates Newton's law 
stated in Chapter 5, that action and reaction are equal and opposite. The 
water presses up on the stone with a 20 gf force, and the stone presses 
down on the water with a 20 gf force. 

You can make the idea of upthrust real to yourself by many simple 
experiments, Put your hand into a basin of water, and lift it out slowly; 
notice that it feels heavier just as it leaves the surface, As long as it is 
under the water, the water upthrust is supporting almost all its weight; 
as it leaves the water you feel its full weight once again. Take a bucket to 
à pool and fill it with water. As long as the bucket is completely under the 
water, its weight is negligible, even if it is already full; as you lift it out 
through the surface, it gradually loses the upthrust of the water and you 
feel its weight. Take a bottle with a screw top; let water into it until it will 
just sink with the top closed. Feel its weight under water; you can support 
it with a gentle lift of your fingers and it feels almost weightless. Lift it 
gradually out of the water and feel the increase in weight. Take a large 
polythene bag, fill it with water, and, keeping it under water, close the 
mouth and tie a knot around it. Under water the bag is 
Try to lift it out of the water. As it leaves the w 
gradually increases because it gradu 
and it may be so heavy in 
it, 


almost weightless. 
ater its apparent weight 
ally loses the upthrust of the water, 
air that the bag cannot be lifted without bursting 


What causes this upthrust? Fig. 10.2 tells us the 
block measuring 10 cm x 10 cm x 9 cm placed in water. We have learned 
in Chapter 9 that pressure in a liquid increases with depth, and that the 
pressure at a point in a liquid is the same in all 
downwards, sideways. This means that the pressure exerted upward on 
the lower face of the block is greater than the pressure exerted downward 
on the upper face of the block. Since force — pressure X area, this means 
that the upward force on the block is greater than the downward force on 
it, and the difference between these two forces constitutes the upthrust of 
the liquid. 

Let us go a step further and calculate exactly how 
Тће upper surface of the block is 6 cm below 
"This means that there is a column of water 10 cm x 
high i.e. of volume 10 cm x 10 cm x 6 cm 


answer. It shows a glass 


directions — upwards, 


much this upthrust is. 
the surface of water. 
10 cm in area and 6 cin 
= 600 cm? pressing on this face. 


Since the density of water is l g/cm, this column of water will weigh 
600 gf, and will press downward on the glass block with a force 600 gf. 

Now let us consider the upward force on the lower face of the block. 
This face is 8 cm below the surface so that the pressure at any point on 
this lower face would be that which is due to a column of water 10 cm x 
10 cm x 8 cm in volume, i.e. that which is due to a force of 800 gf pressing 
on that surface. Since pressure at any point at the position of the lower face 
is the same in all directions, there wil! be an upward force of 800 gf on the 
lower face of the block. 

An upward force of 800 gf and a downward force of 600 gf reduce to a 
resultant upward force of 200 gf which is the upthrust. 

Now the volume of the block is 10 cm x 10 cm x 2 cm i.e. 200 сто. This 
means that the block moved away, or displaced, 200 cm* of water which 
originally occupied the space where the block now is. Тће weight of 200 
cm? of water is 200 gf. Note that this is the same as the upthrust. 

Archimedes put all that we have discussed into the form of a statement 
which is known as Archimedes’ Principle. This statement in its most 
complete and general form is ‘When a body is immersed either wholly or 
partially in a liquid or a gas it experiences an upthrust (and therefore 
appears to lose weight) equal to the weight of the fluid displaced’. 

It will be noted that, the statement above says that the principle 
applies to gases as well as to liquids. 

Go over the reasoning that we applied to the case when the glass block 
is suspended in water, and you will see that it would also apply to the 
situation when the block is suspended in a gas like the atmosphere. The 
downward and upward forces on the block, and consequently their diffe- 
rence which is the upthrust on the block, will ali be correspondingly less 
since the density of air is .001 293 times the density of water. The forces 


concerned will each be .001 293 times what they were in the case of water, 


but in all other respects the situation is similar. 


2. Verification of the principle 


Suspend a stone from the hook of a spring balance, and read the weight 


of the stone as indicated by the spring balance. Suppose this is 120 gf. Now 
lower the stone into water contained in a displacement (or “ЕчгеКа”) can, 
with a beaker placed below to catch the overflow as shown in Fig. 10.3. 
Take the reading of the spring balance when the stone is fully immersed. 
Suppose it is 90 g. This means that the upthrust of the water on the stone 
is equal to the weight of 30 g i.e. 30 gf. Now weigh the water which has been 


displaced by the stone, and it will be seen that its weight is also 30 gf. 


Repeat the experiment using different bodies and different liquids. In 


each case it will be seen that the apparent loss in weight of the body i.e. 
the upthrust of the liquid, is equal to the weight of the liquid displaced by 


the body. Ab ; ten і 
The vessel which contains the liquid in which the body is immersed is 


known as a displacement can or an ‘Eureka’ сап. Over 2 000 years ago 
Archimedes was faced with a problem. King Hiero of Syracuse had ordered 
a gold crown to be made which he wished to present to the Temple of the 
Gods. The king suspected that his goldsmith had not used all the gold he 


120g 


Fig. 10.3 
Verification of Archimedes’ Principle 
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5. Floating and Sinking 


Study Fig. 10.4 carefully, working out the calculations given there. 
Remember that the upthrust is always equal to the weight of the liquid 
displaced by the body. From Fig. 10.4(a) we see that if the density of the 
body is greater than the density of the liquid in which it is placed, then the 
weight of the body downwards will be greater than the upthrust, and the 
body will sink. 


10 gf 69 


body stays it rises to at the surface 
where it is put the surface 
80 gf (d) 
body sinks (b) (с) 


(а) 


Fig. 10.4 Sinking and Floating 


Fig. 10.4(b) shows that when the density of the body is the same as the 
density of the liquid, the weight of the body downwards will be equal to 
the upthrust, and the body will stay wherever it is put, provided it is 
entirely immersed in the liquid. 

Fig.10.4(c) shows that when the density of the body is less than that of 
the liquid, the weight of the body downwards is less than the upthrust, and 
the body will rise to the surface. 

Fig. 10.4(4) shows the conditions under which it will float at the surface. 
Since when it floats on the surface of the liquid, the body is neither moving 
upward nor downward, its weight must be equal to the upthrust, or in 
other words the weight of a floating body is equal to the weight of the liquid 
it displaces. This very important fact, known as the Principle of Flotation, 
is a corollary of Archimedes’ Principle. 
Application to ships | 

Until early in the nineteenth century, all boats were made of wood. When 

boats made of iron were first introduced, many people thought that they 

would immediately sink because iron sinks in water. How then does an 
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iron ship float while an iron nail sinks? Take ап empty tin mug, fill it with 
water and place it on water in a bath tub. It sinks immediately. Now place 
the same tin mug empty on the surface of the water. It will float because 
it is hollow and is able to displace a much larger volume of water than the 
volume of metal of which it is made. Similarly, because the ship is hollow 
and can displace a weight of water equal to its own weight, it can float. 
Every floating ship displaces its own weight of water. This is such a 
familiar fact to ship designers that the weight of a ship is often given as 
‘displacement’ in tonnes. Thus if a ship has a ‘displacement of 20 000 
tonnes’ this means that when floating it displaces 20 000 tonnes of water, 
or, in other words, its weight is 20 000 tonnes. If the weight of a ship is 
increased, because extra cargo has been loaded on. the ship will sink lower 
so that it can still displace its own weight of water. If сатро is unloaded, 
the ship will rise in the water. Sea-water has a higher density than fresh- 
water and when a ship sails from a river into the sea it rises higher in the 
water, because a smaller volume of sea-water is required to be displaced. 
By international law every ship has a white line painted on the side known 
as the Plimsoll line. This is the safe limit for loading. When a ship has 
been so heavily loaded that its Plimsoll line is at the water level, no more 
cargo can be allowed on board, because it is dangerous for a ship to be too 
heavily laden, as it may sink if it has to sail through rough seas. There is 
a Plimsoll line marked for freshwater and another Plimsoll line for sea- 
water, Which is the lower of the two? à pu 

lt is also dangerous for a ship to be too lightly loaded; it will be top- 
heavy, and may be blown over on its side by strong winds. Far this reason 
a ship's master always tries to pick up new cargo after he has unloaded 
some cargo. If he cannot, and must travel with empty holds, he will do so 
‘under ballast’: that is he will carry a load of stones or rock or any other 
heavy cheap material, just to keep his ship at a safe loading level, even if 
he has to throw the ballast overboard when he reaches his destination, 


Application to submarines 
A submarine is a watertight boat, shaped somewhat like a fish, which can 
travel under the water. Its engines work from electric batteries or on 
nuclear energy while it is submerged, and special arrangements are HEUS 
to keep the air in the submarine fresh for оше The dicus ane 
has empty watertight compartments ог JE ranks into унып m 
water can be pumped. The submarine sinks by aus ing Vig um е 42 
into these compartments; with these tanks full, the ау erage, d ap о pr 
submarine becomes greater than the density of the sea-water. de the 
submarine has to rise to the surface again, compressed air is allowed to 
enter the flotation tanks to drive out the water. When these tanks are full 
of air instead of water, the average density of the submarine is less than that 
of the sea-water, and it rises to the surface. и the submarine uote ананг 
submerged at a certain depth, it must maintain Ws enough RES M 
tanks to give it an average density exactly equal to ame ot n а ing 
sea-water. Study Fig. 10.4 d at this stage, to help you understand more 
aid. 
je uud own ‘maximum Sus below pic it must 
not go. If it goes too low the pressure of the surrounding water is so great 
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(remember that pressure in a liquid increases with depth) that the com- 
pressed air available cannot drive the water from the flotation tanks, and 
the submarine cannot rise after its dive. 

One.of the most remarkable feats of navigation in recent times has been 


the journey of the nuclear energy powered submarine Nautilus under the 
ice of the North Pole. 


Applicaiion to the human body 


The human body is made up of bone, blood, muscle and fat, each with 
its own different density. The average density of the human body 
depends on the proportion of these constituents and their separate 
densities, as well as on the amount of air in the lungs at the time under 
consideration. 

When the ribs are out and the lungs are full of air, the volume of the 
human body is just large enough in proportion to its weight to provide an 
average density such that the body will float. When the ribs are depressed 
and the lungs are almost empty the volume of the body decreases and its 
weight remaining the same its density increases. and the body sinks. The 
density of the human body with the lungs empty is 1.07 g/cm*; with the 
lungs full it is 1.00 g/cm?. A good swimmer can lie in water, with his lungs 
partly filled and only his nose and mouth above the surface, and float quite 
easily. ТЕ he struggles or moves, putting a hand or a leg above the surface, 
the amount of water he displaces will be reduced and the reduced upthrust 
may not be enough to support him. His face immediately goes below the 
surface and he has to swim to reach the surface again. A person who cannot 
swim can float if he keeps calm and lies still, but if he becomes frightened 
and shouts for help while his mouth is near the water level he may swallow 
water which increases his weight, and therefore his density, and he will 
begin to sink. 

Why is it easier to float in sea-water than in freshwater? 

The Dead Sea, a lake in southern Palestine, 
ocean water has 46% salinity which gives ita density of 1.026 g/cm’, the 
Dead Sea has 23—950; salinity, This gives it the very high average density 
of 1.160 g/cm?, and at its southern end the density is 1.253 g/cm?. A wader 
in the Dead Sea finds that when the water reaches his armpits he is swept 


off his feet, and while swimming his shoulders are all the time out of the 
water, 


is intensely saline. Whereas 


Application to fish 


Fish live always completely submerged in water. If they were denser than 
water they would have to move their fins continually to keep from sinking 
to the bottom. If they were less dense than water they would have to swim 
to keep below the surface. Either of these two conditions would mean that 
fish would have to use up energy continually throughout their lifetime 
and there would be no possibility of rest or sleep. Strangely enough, many 
species of fish do live throughout their lives in this way. Other species are 
equipped with an extra organ which provides the answer to the problem. 
It is called a 'swim-bladder and corresponds to the ‘flotation tanks’ on a 
submarine. This organ is a long, soft-walled sac, into which gases can 


diffuse from the fish’s body fluids. As the bladder fills with gas, the volume 
of the fish increases, and so does its displacement and the upthrust on it, 
and the fish can rise through the water since its weight is less than the 
upthrust on it. As this bladder empties again, the fish becomes slightly 
denser than the water, and can sink downwards in it. At rest, the swim- 
bladder adjusts itself until the density of the fish is exactly equal to that 
of the surrounding water. 

Human beings have no swim-bladder, but the lungs act in a similar way 
making it possible for a person to float if his or her lungs are full of air. 


Application to the hydrometer 

The hydrometer, shown in Fig. 10.5, is a direct application of the principle 
of flotation. It is usually made of glass and consists of a large hollow bulb 
to ensure buoyancy, a smaller weighted bulb to ensure that the hydrometer 
floats vertically, and a narrow graduated stem. The hydrometer is used to 
measure the density of liquids. When placed in a liquid, the hydrometer 
floats displacing its own weight of liquid. The lighter the liquid the 
greater the volume of it that must be displaced and the deeper the hydro- 
meter sinks, The scale reading on the graduated stem up to which the 
hydrometer sinks in any liquid indicates the density of that liquid. 


—graduated stem 


hollow bulb to 
ensure buoyancy 


weighted bulb 
to make 

the hydrometer 

float vertically 


water 


Fig. 10.5 The hydrometer 


battery acid 
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Apart from their frequent use in laboratories, hydrometers are used to 
test the purity of milk; pure milk should have a density of 1.03 g/cm’. They 
are also used to measure the density of the sulphuric acid in accumulator 
cells; the density of the acid indicates the state of charge of the cell. Hydro- 
meters are also used to measure the strength, or ‘proof’, of spirits, since the 
density of the spirit depends upon its strength or ‘proof’. 


6. Archimedes’ principle in gases 


Archimedes’ principle does not only apply to liquids; it applies to gases 
as well. Both gases and liquids are fluids, and the principle applies to both. 
Just as for liquids, the upthrust provided by a gas may be greater than the 
weight of the body, or equal to it, or less than it. 
that in all normal situations a body 
and пеуег floating upon it partly 


The main difference is 
is always totally immersed in the gas, 
submerged, and so it experiences an 
upthrust due to displacement of its total volume of gas. If the upthrust is 
greater than its weight, the body will move upwards through the gas; if 
it is less the body will move downwards through the gas. If the upthrust on 
the body is just equal to its weight, the body will remain suspended in the 
gas without moving upward or downward in it, 

As all objects on the earth are displacing air, they are all acted upon by 
upthrusts. However, since most objects are much denser than air, the 
upthrusts are relatively small and do not make much difference. 

An airship or balloon rises when the upthrust exceeds its weight, Its 
weight is the sum of the weights of the envelope and accessories and the 
gas enclosed. This is made less than the weight of the air displaced by 
filling the envelope with a very light gas. Hydrogen, since it is the lightest 
gas known, has very good lifting power but it has the disadvantage of being 
inflammable. In places like America where there аге natural sources of 
helium, this gas is used. Since helium is twice as heavy as hydrogen it does 


not have as much lifting power, but it has the advantage of not being 
inflammable. А 


weight of the air displace 
reduces to the same v 
under the efféct of these 
is thrown overboard. When it is re 
gas is allowed to escape. This reduces the volume of the balloon, and there- 
fore reduces the upthrust on it. 

There is another complication. The pressure of the air decreases with 
height, and so as the balloon ascends, the gas inside tends to expand. The 
difference in pressure between the gas inside and the air outside may be so 
great as to burst the balloon. When a balloon is being released from the 
ground it is only partially filled with gas. At the lower pressure of higher 
altitudes this gas is sufficient to extend the envelope fully. 

With the development of jet aircraft for passenger flights, and rockets 
and satellites for scientific study of the higher altitudes, the use of airships 


and balloons is becoming obsolete. They are still used however for the 
study of weather conditions in the upper atmosphere. 


Questions 


с 


What is meant by ‘buoyancy’. Give three examples of buoyancy in 
liquids. 


Explain, with the help of a numerical example, the reason for the 
upthrust on a body placed in a liquid. 


State Archimedes’ principle. Explain, with a.diagram of the 
arrangement of the apparatus used, how you would verify Archi- 
medes’ principle using а spring balance, a displacement can, a 
common balance, different solid bodies and different liquids. 


A block of wood hangs from a spring balance. It is slowly immersed 
in water in a beaker which is itself standing on a compression 


(household) balance. Describe and explain the changes you would 


see in the readings on the two balances. 


State the principle of flotation, and explain how it follows from 


Archimedes’ principle. 
Explain each of the following with reference to the physical princi- 


ples involved: 
a A ship which sails from a river into the sea rises higher (i.e. is 
less submerged) when it enters the sea. 


b A ship sinks deeper into the water when more cargo is loaded on 


to it. 
c An iron nail sinks in water, but 
uated stem of a hydrometer decrease 


an iron ship can float on water. 


d The markings on the grad 
upward. 


e How a submarine can descend, or rise, or stay at a fixed depth. 


f Submarines have а ‘maximum depth’ below which it is not safe 


for them to go. 


g Balloons are only parti 
the ground. 


ally inflated before they are released from 


h Balloons reach a certain height in the atmosphere above which 


they cannot rise without throwing out ballast. 
ater-proof pads stuffed with kapok, are 


i Life-jackets, which are W à у 
теасһ on aircraft which cross large 


kept within passenger 
stretches of water. 
п air and 51.5 gf when fully immersed in 


A body weighs 56.5 gE i ! 
and the density of the body. What 


water, Calculate the volume 


113 


114 


10 


11 


12 


13 


14 


would the body weigh when fully immersed іп kerosene of density 
0.8 g/cm*?? 


A body weighs 79 gf in air, 69 gf when fully immersed in water and 
72 gf in petrol. Calculate (a) the volume of the body, (b) the density 
of the body, (c) the density of the petrol. 


A pebble weighs 67.1 gf in air and 46.2 gf when fully immersed in 
water. Calculate the volume and the density of the pebble. 


A block of wood of volume 25 cm? floats in water with 90 cm! of its 


volume submerged. Calculate (а) the weight (b) the density, of the 
wood. 


A rubber weather-balloon, whose total weight uninflated is 10 gl, is 
filled with 30 litres of hydrogen. What weight can the balloon lift 
off the ground? Take the density of hydrogen to be 0.09 g/litre, the 
density of the surrounding air to be 1.29 g/litre, and neglect the 
volume of the rubber envelope of the balloon. 


An airship filled with hydrogen has a volume 100000 më. The 
envelope and structure weigh 80 000 kgf. Neglecting the volume of 
the envelope and structure, and using the values for the densities 
of hydrogen and air given in Question 11, calculate the maximuni 
extra load the airship can lift off the ground. 


If the airship was filled with helium of density twice that of hydro- 
gen, by how many kgf would the lifting power be reduced? What 


would be the advantage of using helium instead of hydrogen to fill 
the envelope of the balloon? у 


Draw a diagram to show the essential parts of a hydrometer, If the 
hydrometer can read densities from 1.00 g/cm? to 1.10 g/cm? 
show where these two markings will be on the graduated stem, State 
two uses, outside the laboratory, to which a hydrometer is frequen- 
tly put. 


Given an accurate and sensitive spring balance, 


2 some thread, а 
piece of metal, water, 


and a quantity of kerosene oil, explain clearly 
how you would proceed to find by experiment (a) the volume of 
the piece of metal, (b) the density of the metal, (с) 


the density of 
the kerosene oil. 


11 
More About Heat 


1. Measurement of Heat 


To measure anything we require a unit which is a particular amount of 
the quantity which we are measuring. For example, in measuring time 
econd, which is a particular amount of time, and in 
t is the metre, which is a particular length. A 
easured by comparing it with the second; if it is 
nt of time which we call one second, 


our basic unit is one 5 
measuring length our uni 
given amount of time is m! 
twenty times greater than that amou 
then it is 20 seconds time. Similarly, if a particular length is twenty times 
that length known as a metre it will be a length of 20 metres. 

We have said very often that heat is a form of energy. Hence to measure 
heat we should use the standard unit of energy, and this we have learned 
is the joule whose symbol is Т. But this conception of heat was not 


established until just over 150 years ago. Heat measurements were started 
about 200 years ago, when heat was considered 


quantity of heat was measured by its effect 
a fixed mass of an agreed substance. For 
s the substance and the following units of 


in the eighteenth century, 
to be a form of elusive fluid. A 
in raising the temperature of 
convenience water was chosen a 
heat were devised: 

calorie), which is the quantity of heat required 


(i) The calorie (or gram- 
water Бу 19С. 


to raise the temperature of 1 gram of pure 


(ii) The Great Calorie or kilocalorie which is the quantity of heat required 
f 1 kilogram of pure water by 1°C. One ‘great 


to raise the temperature 0 
һа capital 'С) is equal to 1 000 calories. 


calorie’ or ‘Calorie’ (spelt wit 
(iii) The British Thermal Unit, al 
of heat required to raise the tempe н Mm 
It may be remembered that until some years ago 1n Britain, and in the 
other English-speaking countries, the unit of mass commonly used was the 
pound, abbreviated ‘Ib’, and the scale of temperature commonly used was 
the Fahrenheit scale. 


(іу) The Therm which is 10 
by the therm. 


pbreviated Btu, which is the quantity 


0 000 Btu. Gas which is sold as fuel is still sold 


good as the joule for many reasons. Firstly, 


These four units are not as s 
es of water. Secondly, energy is a unifying 


they are based on the properti 


rature of 1 pound of water by 1°F. 
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Fig. 11.1 
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principle in Physics, so it is desirable to have one unit for all forms of 
energy, and not different units for the different forms. The joule was 
established as the standard for heat measurement in 1948. However, the 
calorie is much better known and is still in common use. To be precise, 
it should now be defined as 4.1855 joules. For the present it is necessary to 
be familiar with both units, and we shall use both in the numerical 
calculations we make. It must be stressed however that the International 
System of Units (or SI Units) adopted by an international conference in 
1960 has the joule as the only unit of heat, and the use of the calorie is being 
steadily discouraged until it will be eliminated completely. The Btu and 
therm should not be used and will not be mentioned in this book. 


2. Heat capacity and specific heat capacity 


Take a wide metal pan and pour some boiling water into it. Support it 
above a steady gas flame or an electric heater, and stir it continuously, so 
that its temperature throughout its entire mass will remain steady at its 
boiling point. Take three identical plastic cups and mark them A, B and 
С. Pour 50 g of water at room temperature into A, 100 g of water at room 
temperature into B, and 50g of mercury at room temperature into C. 
Support the cups side by side with their bases just in contact with the hot 
water as shown in Fig. 11.1, so that they are equally heated. Таке the 
temperature of the liquid in each cup after equal intervals of time, 
half-minute intervals. The liquid in each cu 
with the thermometer before each reading. 
temperature is greatest in C, and least in B. 


say 
p should be stirred vigorously 
You will see that the rise in 


beaker A beaker B beaker C 
containing containing containing 
50 g water 100 g water 50 g mercury 


large hot 


1 1 f water bath 


The effect of heat on different masses and on different substances 


This tells us two things: firstly, that greater quantities of the same 
substance require greater quantities of heat to raise them through any 
given temperature interval and, secondly, that equal quantities cf diffe- 
rent substances require different quantities of heat to raise them through 
any given temperature interval. The quantity of heat any particular body 
requires to raise its temperature through 1°C is called the heat capacity, 


or thermal capacity, of that body. The units of heat capacity are therefore 
1/9С or cal/?C. Thus when we say that the heat capacity of a particular 
body is 10 cal/°C or 42 J/°C, we mean that the body must be given 10 
calories or 42 joules (more accurately 41.855 joules) to raise its temperature 
through 19G; 

Now it is clear that different masses of any one substance will have 
different heat capacities, and so it would be desirable to have one estimate 
for that particular substance, which means we should take the heat 
capacity of a specific mass of it. It has been agreed in the International, 
ог S.L, system that the word specific used in front of a quantity shall 
always have the meaning per unit mass. Thus we have the Specific 
heat capacity of different substances. The specific heat capacity of а sub- 
stance is the quantity of heat requircd to raise the temperature of unit mass 
of that substance by 1 degree. Defined in this way the units of specific heat 
capacity are J/g °C and cal/g °C, or, more correctly, J/kg °C and cal/kg °C, 
because the kilogram is the S.I. unit for mass. Thus when we say ‘the specific 
heat capacity of mercury is 0.033 cal/g °C, or 0.139 J/g °C’ we mean that 
we must give 1 gram of mercury 0.033 calories or 0.139 joules to raise its 
temperature by 1°C. The specific heat capacity values in cal/kg °C and 
J/kg °C will be 33 and 139, respectively. 

‘Specific heat capacity’ is often referred to as ‘specific heats in textbooks: 
With the international agreement on the use of the word ‘specific’ stated 
above, the addition of the word ‘capacity’ becomes necessary, and we shall 
use the term ‘specific heat capacity’ in this book and throughout this series. 

1t should also be neted that from the definition of the calorie as the 
quantity of heat required to raise the temperature of 1 gram of water 
through 1°G, it follows that the specific heat capacity of water is 1 cal/g 
°С or 4.1855 J/g °С. Now specific heat capacity as defined above has the 
unit J/g °C or cal/g °С, but sometimes this unit is omitted. ЗА such cases 
specific heat capacity is considered as the ratio between the heat require- 
ments of the substance and the heat requirements of water for the same 
mass and rise in temperature. Thus if it is said that the a heat UE 
City of mercury is 0.033, it means that any given S ram К е 
raised through any given temperature по ЕДО УВ ИЕ іше) а 

Б уБ ћ the same rise in tempe- 
required ise the same mass of water throug р 

о јеојтавеј низ ire series, we shall follow the pattern 
таште, In this book, and in this entire E ba in J/g °С or cal/g °C, or 
of S.I. units and specific heat x WE и Аа Е 
J/kg °С ог cal/kg °С. The specific h 


substances are given in the table below: 


Specific heat capacities 


Substance ; 

in J/g °С in cal/g °C 
water (at 15°C) odit m 
kerosene oil "e 0.40 
petrol 24 0.58 
glycerine 0.139 0.033 


mercury 
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Substance Specific heat capacities 


in J/g °C in cal/g °C 
iron 0.46 0.11 
lead 0.154 0.032 
copper 0.39 0.093 
aluminium 0.92 0.22 
glass 0.67 0.16 


3. Heat exchange 


We have seen that the heat energy of a body is the sum total of the kinetic 
energy of all its.molecules, while its temperature is the average kinetic 
energy of all its molecules. Thus when a cold and a hot body are brought 
into contact, the vigorous (hot) molecules transfer some of their energy 
by collision to the cold molecules until all the molecules in both bodies 
are moving equally vigorously. In other words heat will flow from the body 
at a higher temperature to the body at a lower temperature until both are 
at the same temperature. The point to be noted is that the sum total of 
all the kinetic energy of all the molecules in both bodies remains the same; 
some of the energy of the faster moving particles is transferred to the 
slower moving particles. In other words the heat lost by the hot body is 
equal to the heat gained by the cold body. 

Let us consider a body of mass ‘та’ and specific heat capacity ‘s’, that is 
heated through a temperature interval ‘t’, Let us calculate the heat it has 
gained. Since the specific heat capacity is 's', this means, assuming that the 
Specific heat capacity was stated in cal/g °C, that: 


1 g of the substance to rise through 1°C must be given s cals 
m g of the substance to rise through 1°C must be given ms cals 
m g of the substance to rise through t°C must be given mst cals 


or, in other words, the heat it must gain is 


mass X specific heat capacity x rise in temperature. 
Similarly if a body of mass 'm' and s 


pecific heat Capacity 's' were to cool 
down through a temperature interva 


I'v, the heat lost by it would be 
mass X specific heat capacity x fall in temperature, 


Both these statements тау Ђе combined into the single statement: 


heat lost ог gained is = mass x specific heat Capacity x change in 
temperature. 


The final result will be in joules or calories depending on whether the 
specific heat capacity is in J/g °C or cal/g °C. If the specific heat capacity 
is stated in J/kg °C or cal/kg °C, then the value of the mass of the body 
must be substituted for in kg. а 

To sum up, in the case of heat exchange between two bodies, there are 
three points to be noted: 


(i) heat will flow from the body at the higher temperature to the body 
at the lower temperature, till both are at the same temperature, 


(ii) the heat lost by the one body will be equal to the heat gained by 
the other body, 


(iii) the heat lost or gained by a body is the product 
mass X specific heat capacity X change in temperature. 


А few numerical examples will make this clear. The values for the 
specific heat capacities concerned will be found in the table given above. 


l. Find the number of calories required to raise the temperature of 
5 kg of water from 20°C to 30°C. 
Answer: 5000 X 1 X 10 calories = 50000 calories 

2. Find the number of joules lost when 200 g of iron are cooled from 
60°C to 20°С. 
Answer: 200 х 0.46 x 40 joules = 3 680 joules 

3. Find the rise in temperature when 1 100 calories are supplied to 50 g 
of aluminium. 
Answer: mass X specific heat capacity X rise in temperature = 1 100 

50 x 0.22 x t = 1100 

1100 _ 1100 _ jo0°c. 

50 x 0.22 11 


ass 600 g requires 660 calories of heat in order to rise in 
m 110°C to 120°C. Calculate the specific heat capa- 


4. A body of m 
temperature fro 
city of the body. 


Answer: mass Х specific heat capacity X rise in temperature = 660 
600g x s x 10 = 660 

650 = 11 cal/g °С. 

600 x 10 


0°С should be added to 24 kg of water at 20°C 


5. How much water at 9 
to provide a bath at 45°C? 


heat lost by hot water = heat gained by cold water 
t capacity Х drop in temperature 


mass X specific hea ШІ 
are х rise in temperature. 


= mass X specific heat capacity 
= 24000 x 1 X 25 


inu 39 ib dU 
94000 x 1 X 25 40 000 
БЕТ 45 8 


13 333.3g = 13.33 kg. 


Note. In the above situation we have ignored the fact v m o Е. ү 
by the hot water is not gained by the cold water; some of it is ја | © ш 
atmosphere. Since we cannot include this heat loss in our calculations 


i 14 be nearer the 
(2), our calculations wou 
(can you suggest why we cannot), a ide 
| rreducible minimum. This 
truth if we brought down t 


M 


his heat loss to an 1 


119 


wooden па 


cotton 
` | wool 


Fig. 11.2 


outer cover 


calorimeter 


wooden block 


A lagged calorimeter 


120 


is done by allowing the heat exchange to take place in a vessel which has 
been so constructed (see Fig. 11.2) as to bring down heat losses to the 


atmosphere to an irreducible minimum. Such a vessel is known as a 
calorimeter. 


6. A piece of copper weighing 20 g is heated in a flame and then trans- 
ferred to a copper calorimeter of mass 50 g containing 100 g of water. 
The temperature of the calorimeter and its contents rises from 28°C 
to 40°C. Calculate the initial temperature of the heated copper. 


Let the initial temperature of the copper be x°C. 


heat lost by copper = heat gained by + heat gained by 
calorimeter water 
20 x .093 x (x—40) = 50 x .093 x 12 4. 100 x 1 x 12 


1.86х — 74.4 = 55.8 + 1200 
1.86х = 1330.2 
"x = 715°C, 


7. A block of aluminium of mass 100 E was immersed in water at 100°C 

for some time, and then placed in 50 g of kerosene contained in an 
aluminium calorimeter of mass 35 g. If the temperature of the 
calorimeter and the kerosene was initially 25°С, and the final tempe- 
rature of the mixture was 55?C, calculate the specific heat of the 


kerosene. 
heat lost by heat gained heat gained 
aluminium block = by calorimeter by kerosene 
a NEE NED 505» у во ERE зо 
990" "= 231 + 1500 5 
1500s = 759 
ТҮ 759 506 cal 
P FEE =i EG: 
1 500 ene 


4. Heat (calorific) values of fuels and foods 


Heat energy for domestic purposes is often obtained 
fuels such as wood, coal, gas or oil. The heat, in calories 
gram of the fuel in burning is called the calorific value 
differ in their calorific value; a gram of 
considerably more stored chemical energy than a gram of coal. An engine 
designer or a factory manager, has to know the calorific value of the fuels 
he uses so that he can decide how much fuel he will need for a particular 
job. 

In biology, too, the calorific values of foods are very important. Energy 
is supplied to the body from food which is slowly oxidized, or ‘burned’, in 
the process of digestion. The human body is like a machine and food is its 
fuel. No human being can work unless he or she receives enough food to 
supply him or her with the energy his or her dai 


by the burning of 
» produced by each 
9f that fuel. Fuels 
diesel oil, for example, holds 


ly work requires, and 


enough extra for warmth, growth and repair. It is estimated that the body 

requires about 3 000 kilocalories or Calories each day. Мапу of the most 

valuable foodstuffs, such as green vegetables, fruits or eggs, provide high 
relatively few calories; they are essential for health and growth and for voltage 


reasons other than the heat energy they supply. 
Тће calorific value of a fuel or a food is measured by means of the felt jacket 


apparatus shown in Fig. 11.3. A weighed quantity of the fuel or food, in 
liquid or powdered form, is put into the small cup in the inner vessel, and 
enough high-pressure oxygen is pumped into the vessel to ensure complete 
and rapid burning. The lid is then firmly screwed down, and the inner 
vessel is lowered into the outer water bath, and the fuel or food is burned 
by means of an electric spark-gap. Тће apparatus is sometimes known as a 
‘bomb calorimeter’ because under these conditions almost all fuels burn 


explosively with a very loud bang. The heat given out by the burning is 


found by observing the rise in temperature of the water in the outer vessel. 
reach this water or stay in the 


Since all the heat produced must either 

inner vessel, there is no wasted heat and accurate results are obtained by 

this method. 
The following is 
A fuel calorimeter, the product о 
is 800, is immersed in 2.00 kg of wa 
in the calorimeter, and the temperature о 
rises by 2.36 °C. 
We shall calculate the calorific value of the 
information. 


weighed 


a typical set of results and calculations: 


f whose mass and specific heat capacity 
ater. 1.50 g of wood sawdust is burnt 
f the water and calorimeter 


high pressure oxygen 


Fig. 11.3 
A fuel (or ‘bomb’) calorimeter 


wood from the above 


heat gained heat gained 
by calorimeter by water 


= 800 x 2.36 + 2000 x 2.36 


heat given out 
by burning wood 


2800 x 2.36 
6 608 calories 


1.5 g of wood give 6 608 calories 


6608 _ 4 405 calories 
15 
value of the wood is 4405 cal/g. 


uels and foods is given below: 


1 g of wood gives 


Answer: the calorific 
The calorific value of certain f 


Calorific Value 


Fuel 

J/g cal/g 
Coal 36 960 8 800 
Wood 18 480 4400 
Petrol 47 460 11 300 
Kerosene 47 040 11 200 
Diesel oil 44 100 10500 
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Food Calorific Value 


J/g cal/g 
Bread 10 500 2 500 
Rice 12 180 2 900 
Green leaves 1680 400 
Carbohydrate 17 000 4 000 
Fat 38 000 9 000 
Protein 17 000 4 000 
Milk 2 900 700 
Ege 6 700 1600 
Flour 15 000 3 700 


5. Change of State 


The change from solid to liquid, or from liquid to solid, is known as the 
lower change of state. 


melting or fusion vaporization 
SOLID LIQUID GAS/VAPOUR 


solidification 


condensation 
or freezing 


or liquefaction 


sublimation 
Fig. 11.4 The terminology of change of state 


The change from liquid to 


і Баз ог vapour, and the change from gas or 
vapour to liquid, is known as 


the higher change of state, 
6. The lower change of state 


The temperature at which a solid changes to liquid is the same as the 
temperature at which the corresponding liquid returns to the solid state, 
and is known as the melting point of the solid. 


The effect of pressure on the melting point of ice 


The melting point of ice is lowered by increase in pressure. This can be 
demonstrated by a simple experiment. See Fig. 11.5. Take two ice cubes 
and press them together hard. When released they stick together as one 
combined mass. When pressed together, the increase in pressure lowers the 
melting point of ice to below 0°C. The ice which is at 0°C is no longer 
solid under this increased pressure and melts to water at the area of contact 
of the two cubes, When the pressure is removed, this water which is at 0°C 


immediately becomes ice again because the melting point of ice, which 
is also the freezing point of water, returns to the original value of 0°C. 
The two pieces of ice now form one continuous piece. The process is known 


as regelation, which means ‘freezing again’. 


one solid mass 


<< of ice 


ice cube | ice cube 


the ice on each side of the 
area of contact melts the melted ice freezes together 
when the pressure is released 


Fig. 11.5 The regelation of two ice cubes 


Regelation can be demonstrated by another, more striking, experiment. 
See Fig. 11.6. The wire, because of the great force due to the heavy 
weight, and because of its small area of contact, exerts a very great 
pressure on the ice. This lowers the melting point of the ice below 0°C. 
The ice below the wire, being at 0°C, melts to water, and the wire sinks 
into the water. The water, now above the wire, being at 0°C immediately 
Ітсеуез back to ice, because the increased pressure which lowered the 
Meanwhile the wire has lowered the freez- 
ing point of the ice now below it, and this ice melts, and freezes back above 
the wire after it has sunk into the water of the melted ice. In this way the 
wire passes through the entire block without separating it into two pieces. 


Ireezing point is now removed. 


7. Тће higher change of state 

ither of two forms: evaporation or boiling. The 
own as its boiling point. It is the 
ponding vapour condenses to 


Vaporization may take с 
temperature at which a liquid boils is kn 
same as the temperature at which the corres 
liquid. 


Distinction between evaporation and boiling 


(i) Evaporation can take place at 
at the surface, which are in motion, 


any temperature, some of the molecules 
escaping into the surrounding air. 
at a fixed temperature for any one liquid, although, 
ater in this chapter, the boiling point of any 
1 that liquid changes. 

the ground dries up after a while, 
d into vapour. But water in a kettle 


Boiling takes place 
as will be demonstrated 1 
liquid changes as the pressure or 

Thus water which has fallen on 


because it has evaporated i.e. change! a 
on a heater only boils at a certain definite temperature which depends on 


the pressure exerted on the liquid. "This temperature is 100°C at normal 
atmospheric pressure, but in Darjeeling, where the atmospheric pressure 
is much less because of its high altitude, water boils at a temperature bet- 


ween 92°G and 93°С. 
(ii) Evaporation is a slow change from liquid to vapour; boiling is a rapid 
one, The change from the liquid to the gaseous state requires that energy 
be given to the molecules of the liquid. In the case of evaporation this 


Fig. 11.6 Weighted wire around a 
block of ice-Regelation 
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energy is provided at a very slow rate from the surroundings. In the case of 
boiling this energy is provided rapidly by a strong source such as а heater 
or a fire. 


(iii) Evaporation only takes place at the surface because it is only the surface 
molecules that can escape into the surrounding air. Boiling takes place 
throughout the entire mass of the liquid as all the molecules of the liquid 
are being provided with extra energy. The increased vigour of motion 
which results causes the agitation characteristic of boiling liquids. 


Factors which influence evaporation 
(1) Temperature 


When the temperature of a liquid is increased, more molecules possess 
sufficiently high speeds to escape from the liquid mass, and so the rate of 
evaporation is increased. 


(2) Pressure 


When the pressure over a liquid is reduced, the molecules of the liquid 
can escape more easily from the liquid mass, and so the rate of evaporation 
is increased. 


(3) Area of surface 


Since it is only the surface molecules that can escape, if the area of the 
surface of a liquid is increased, more molecules have the 


opportunity of 
escaping, and so the rate of evaporation is increased. 


(4) Renewal of the almosphere 


On a breezy day, take two pieces of cotton cloth 
equally. Hang one up to dry in the shade of 
exposed to a breeze but not to the direct sun 
in a closed cupboard. The cloth in the open air dries far more quickly than 
the cloth in the closed cupboard. Rates of evaporation must therefore 
depend partly upon the air which surrounds the drying body. The air 
around the cloth in the closed cupboard soon became fully loaded, or 
saturated, with all the water vapour it could hold and so evaporation slowed 
down and stopped because the Surrounding air could not hold any more 
water vapour. On the open verandah, the air around the cloth becomes 
saturated, or fully loaded with water vapour, but the breeze blows away 
this damp air, and fresh air which is not saturated with water vapour takes 


its place, and so evaporation of water from the cloth can continue, and the 
cloth soon dries. 


‚ and dampen them 
an open verandah where it is 
, and hang the other up to dry 


(5) Nature of the evaporating liquid 


All liquids do not evaporate at the same rate; ether, petrol, and spirit 
evaporate much more quickly than water or heavy oil. Liquids which 
evaporate very fast are called volatile liquids. ‘Volatile’ means ‘able to fly’; 
a yolatile liquid seems to ‘fly away’ into the air. 


Cooling caused by evaporation 


We have seen that evaporation is the escaping of fast-moving molecules 
from the liquid mass. This will result in a lowering of the average kinetic 


energy of the molecules left in the liquid mass, and will produce cooling. 
The cooling caused by evaporation can be demonstrated by the expentient 
described in Fig. 11.7. Since ether is a volatile liquid i.e. it evaporates ver 

fast, the cooling is so rapid that the water freezes to ice and the beaker x 
held fast to the wooden block. Volatile liquids are explosive and so this 
experiment should be conducted. in a well ventilated room in which there 
are no naked lights. 

Before an injection is given the area to be punctured is cleaned with 
spirit. This is a volatile liquid, and its rapid evaporation cools the skin— 
a fact which is familiar to anybody who has had an injection or a vacci- 
nation. Drinking water is often stored in porous earthenware jars to keep 
it cool. As the water gradually seeps through to the outside, it evaporates, 
and this evaporation keeps the water cool. 


у stream of air to 
hasten evaporation 


pool of water 
freezes to ice 


wooden block 


Fig. 11.7 Cooling caused by evaporation 


The Wetand-dry bulb hygrometer 

ument for measuring the amount о 
present in the atmosphere. We have seen that the more water vapour there 
is in the surrounding atmosphere the slower will be the evaporation of 
water into that atmosphere, and the drier the surrounding atmosphere the 


faster will be the rate of evaporation. 
The apparatus, shown in Fig. 11.8, cons 


meters, the bulb of one of them being cov 
happens to the reading of this thermometer as the water around its bulb 


evaporates? What can you say about the quantity of water vapour in the 

atmosphere when the difference in reading of the wet and dry bulbs is 

(a) great (b) small (c) zero (i.e. both thermometers read the same)? apum 
The amount of water vapour present in any given x rud is ed несет а Ln агу 

expressed аз a percentage of the maximum amount о! water vapour that 

could be present in that atmosphere. This percentage is called the relative 

humidity, sometimes shortened to humidity, of the atmosphere. Thus if 

the relative humidity of an atmosphere is 64%, this means that the 

atmosphere contains 64%, of the maximum amount of water vapour that 


it could contain at that temperature. 


This is an instr f water vapour 


ists of two identical thermo- 
ered with a wet cloth. What 
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The relative humidity can be read directly from prepared tables based 
on the readings of the wet and dry bulb thermometers. The values given 
below represent part of such a table, and will give a clearer idea of how 
the wet and dry bulb hygrometer is used. 


RELATIVE HUMIDITY FROM WET AND DRY BULB 
THERMOMETER READINGS 
DRY BULB 
READING 


IN °C 


DIFFERENCE BETWEEN WET BULB READINGS IN °C 


Thus when the dry bulb reads 28°C and the wet bulb 20°G, the relative 
humidity is 48%. When the dry bulb reads 40°C and the wet bulb 38°C, 
the relative humidity is 88%, ie. the atmosphere contains 88% of the 
maximum amount of water vapour it could hold at that temperature. 

Why are the values in the first column always 100? Why do the values 
always decrease towards the right? 

You will remember the chapter on weather. in Volume 1 of this series, 
where the influence of relative humidity on weather was explained. All 
ordinary air contains water vapour, which has entered it by evaporation 
from the sea, from lakes and rivers, from the soil, or from the surface 
layers of plants or animals. When this atmospheric water condenses again, 
it forms dew, cloud, mist, rain, hail or snow; all of these supply water to 
the soil, to rivers and the sea, and to plants and animals. All the water in 
existence on the earth is thus drawn into one great circulating system or 
‘cycle’; the state of this cycle at any particular place or time has a very 
powerful effect on the weather. Remember also the cooling effect of 
evaporation. 


Keeping the body temperature constant 


The temperature inside a healthy hum 
and remains constant under a very wide 
This temperature maintenance is 


an body is approximately 37°C 
range of conditions. 


possible only because the body has 
ways by which it can generate heat and also lose heat. Heat is produced 


when food is broken down inside the body; heat is lost mainly by evapora- 
tion. These two effects are controlled so precisely that the temperature of à 
healthy human body rarely varies by more than 1 deg C. The human body 
provides an example of thermostatic control, that is control which keeps 
the temperature static or still. 

The evaporation which cools the body takes place mainly through Фе 
skin. The human skin is never completely dry. Sweat is continually passing 
out to the skin where it evaporates making the skin cool. Heat from the 


rest of the body is brought to the surface by the circulation of the blood, 
and thus the whole body is cooled. 

During exercise, food substances in the blood are used rapidly by the 
muscles, and a great deal of heat is produced. This extra heat must be 
removed, and so sweating therefore becomes more rapid during exercise. 
ling by sweating depends on the relative humidity 
body. If the air is very dry, sweat 
ng water are then needed to 


The efficiency of соо 
of the atmosphere surrounding the 
evaporates rapidly. Large supplies of drinki 
keep up the body’s supply of fluid, and salt is needed to replace that lost 
in the sweat. Cooling is efficient if sufficient water and salt is available, 


and the body can remain healthy and active even if the air temperature is 


very high. 
If the outside air is damp, evaporation is slow, and moisture may gather 


on the skin; cooling is less efficient. If the air is both very damp and very 
hot, ‘heat stroke’ may result; this is a severe fever caused by lack of 
adequate evaporation from the skin. Even if heat stroke does not result, 
the condition is most uncomfortable as the body remains hot and covered 


with a sticky film of sweat which cannot evaporate off. 


Effect of pressure on the boiling point 
Boiling is a change from liquid to vapour, the molecules of the boiling 
liquid escaping into the surrounding air. If the pressure of the surrounding 
air is reduced, the molecules can pass from the liquid to the atmosphere 
g will occur at a lower temperature. If, on the other 
hand, the pressure of the atmosphere is increased, the passing of the 
molecules of the boiling liquid to the surrounding air is more strongly 
resisted, and boiling will not take place at the usual temperature but at a 


higher temperature. 
Thus decrease in pressure of the su 
boiling point, while an increase in pre 


more easily, and boilin 


rrounding atmosphere lowers the 
ssure raises the boiling point. 


(1) Boiling under reduced pressure 

This can be demonstrated by the following experiment. See Fig. 11.9. 
Place some water in à round-bottomed flask, with a few porcelain chips to 
prevent ‘bumping’. Bring it to the boil over à bunsen burner or other 
heater, and continue the boiling until à continuous jet of steam is seen 
coming from the mouth showing that all the air that was in the flask 
has been replaced by steam. Remove the burner, and immediately close the 


mouth of the flask with a rubber bung, fitted with a thermometer. Invert 
. The water will stop boiling 


the flask and cool it under a stream of water. The stop | 
w minutes later it will start 


when the burner is first removed, but а fe : 
boiling again, and will continue to do so even when the thermometer 1s 


showing a temperature far below 100°C. ) 
The boiling at low temperature occurs because the pressure in the flask 


is low. The air was driven out by the steam, and cooling the flask caused 
this steam to condense thus lowering the pressure exerted on the water 
inside the flask. This resulted in the boiling point being lowered, and the 


water started to boil again. 


Fig. 11.9 
Boiling under reduced pressure 
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(2) Boiling under increased pressure 


It is not usually possible to demonstrate this by experiment in the school 
laboratory, because a very strong and airtight vessel is needed to bear the 
extra pressure, 


The pressure cooker is an application of boiling under increased pres- 


sure, and the principle of the pressure cooker is explained in Fig. 11.10. 
Meat, potatoes, peas etc. to be cooked to a certain degree of tenderness are 
subjected to a certain temperature for a certain len: 
be subjected to a higher temperature the 
hess in a shorter time, and so the 


y adjusting the weights that 
escapes. For example if S is adjust- 
5, the water inside the cooker will 
Кей at a temperature of 115°C. 


third weight 
Second weight 
first weight 


Questions 


1 Define the ‘calorie’. Give two reasons why the joule is preferable 
to the calorie as a unit of heat energy. 


What is meant by each of the following statements?: 
a ‘The heat Capacity of a certain piece of iron is 46 Pex 


3 


я 


б 


b ‘The specific heat capacity of iron is 0.46 J/g °C’. What does 
the word ‘specific’ used in front of a quantity like ‘heat- capacity’ 
mean? 


a Find the number of joules given out when the temperature of 
200 g of water falls by 15°C. 

b 1100 joules are removed from 100 g of kerosene oil at 25°С. Find 
the final temperature of the kerosene. 


200 g of water at 90°C were mixed with 400 g of water at 30°C. The 
final temperature of the mixture was x°C. 

(i) Write down the fall in temperature of the hot water, using the 
symbol ‘x’. Thence write down the amount of heat lost by the 
hot water. 

(ii) Write down the rise in temperature of the cold water, using 
the symbol ‘x’. Thence write down the amount of heat gained 

by the cold water. 


(iii) Write down the heat equation: from this equation find ‘x’. 


Find the heat capacity of: 
(i) 10 g of iron 
(ii) 20 g of petrol 
(iii) a body whose temperature rises through 1 
calories are given to it. 


0°C when 500 


In each case state the units in which your answer is given. 


An iron calorimeter weighs 600 g, and is initially at 22°C. Water at 

95°C is added to the calorimeter, and the final temperature is 

62°C. The calorimeter and its contents are found to weigh 680 g. 

(i) Find the mass of water in the cal 

(ii) Find the heat lost by this water, 

(iii) Using the symbol ‘s’ for the specific heat capacity, write down 
the heat gained by the iron. 

(iv) Write down the heat equation, 
heat capacity of iron. 


orimeter, 


and from it find the specific 


orimeter of weight 150g contains 100g of water 
of metal weighing 255 g is held in water 


at 100°C for 10 minutes and is then rapidly dried, and transferred 
to the water in the calorimeter. If the maximum temperature 
reached by the mixture is 47°C, find the specific heat capacity of 


the metal. 


A copper cal 
initially at 99,09С. A block 


statement ‘The calorific value of wood is 


What is meant by the 1 
j heat is released when 2.0 kg of wood is 


4000 cal/g? How much 
burnt? 

Draw a diagram to sl 
explain how it is usec 


how the construction of a fuel calorimeter, and 
1 to find the calorific value of a fuel or a food. 
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9 Ноу much oil, of calorific value 11 200 cal/g, must be burned to 


10 


11 


12 


13 


14 


provide the heat necessary to bring 2kg of water from 30°C to 
100°C? 


Explain, with reference to the physical principles involyed, each of 
the following: 


(i) the boiling point of water in Darjeeling, which is approxi- 
mately 2.13 km above sea level, is about 93°C, and not 100°C. 

(8) athletes who are Sweating profusely protect themselves from 
draughts. 


(iii) pressure cookers enable the cooking to be completed faster 
than it would be by an ordinary cooker. 


(iv) clothes dry faster on a windy day than on a still day. 


(V) a rag soaked іп petrol dries more quickly than а rag soaked in 
oil. 


(vi) when two ice cubes are pressed together very hard and then 


released it is found that they have formed one continuous 
piece. 


(vii) in hot climates drinking water kept in a porous pot is cooler 
than drinking water from a tap. 


State (а) three differences between evaporation and boiling (b) four 
factors which influence evaporation, 


In the case of (b) explain in terms of the kinetic theory why each 


of the factors you have mentioned has an influence on the rate of 
evaporation. 


Explain in terms of the kinetic 


theory why evaporation causes 
cooling, and why condensation cau 


ises heating. 
Describe the wet and dry bulb hygrometer and explain how it can 


be used to measure the amount of water vapour in the atmosphere. 


What is meant by the statement ‘the rel 
atmosphere is 6792 When the wet 
the same what is the relativ 
Why is 
climate? 


ative humidity of the 
and dry bulb thermometers read 
e humidity? Explain. 

a hot dry climate far less uncomfortable than a hot humid 


Describe an experiment, one in each case, to illustrate that: 


(i) increase in pressure lowers the melting point of ice, 


(ii) decrease in pressure lowers the boiling point of water, 
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More About Light 


и: dod I a this series we were introduced to ‘The Wonderful World 

ие s i С hapter 4 of this book we learned about vision; how our eyes 

ЗЗР о etect the environment. In this chapter we shall study more 

Bhan ight — this wonderful form of energy which enables us to see and 
perience all the beauty and colour of our wonderful world. 


1.14 А 

Light travels in straight lines 

We A t 2 > 

an can easily understand that light travels in straight lines because we 

E not see around corners, and beams of sunlight, which we have often 
n in darkened rooms and sometimes in the sky, have straight edges. 


Light travels in straight lines 


A practical demonstration of the fact that 
n Volume 


using a flexible tube, was 

shows three opaque screens each with à pinhole aperture. A candle flame 
can be seen through the three holes if they are in a straight line. If one of 
the screens is disturbed 50 that the three apertures are no longer in a 
straight line, the candle flame can no longer be seen. 

Since light cannot move around opaque objects held in its path, shadows 
are formed. Fig. 12.2(a) shows the shadow due to а point source, and 
Fig. 12.2(b) shows the shadow due to а large source. | 

In Fig. 12.2(a) the area behind the object which is dark because the 
light from the source 15 stopped from reaching it by the opaque object, is 
known as (һе umbra region, *umbra' being the Latin word for ‘shade’ or 


'shadow'. 


Fig. 12.1 
light travels in straight lines, 


given i 1. Here is another. Fig. 12.1 
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In Fig. 12.2(b) the light rays from point Р on the source that lie between 
PA and PB are stopped by the opaque object. The light rays from point Q 
that lie between QC and QD are stopped by the opaque object. Consider 
the effect on a screen held at position S,. The part of the screen above C 
and the part below B will receive light from all parts of the source and so 
will be bright. The part between A and D does not receive light from any 
part of the source, and so will be completely dark i.e. an umbra region. 
The part of the screen between С and A receives light from the top part 
of the source but not from the bottom. The part of the screen between B 
and D will receive light from the lower part of the source, but not from the 
top. These areas of the screen will therefore be partly 
dark, and are therefore called ‘penumbra’ which means ‘almost an umbra’. 
What happens to the size of the penumbra when the screen is moved from 
Position S, to position S, and then to position 5,2 


bright and partly 


bulb pin hole 


Screen 


Fig. 12.2 (a) Shadow due to a point source 


Fig. 12.2 (b) Shadow due to a large source 


of 


by a blurred edge (the penumbra). Now gradually move the screen away 
from your hand. Does the blurring increase in width? Why? 

Large opaque bodies like the Moon and the Earth cast shadows, leading 
to the interesting phenomena of eclipses. The Moon revolves around the 
Earth while the Earth revolves around the Sun. There will be occasions 
therefore when the Sun, Moon and Earth are in a straight line, with the 
Moon between the Earth and the Sun, or with the Earth between the Sun 
and the Moon as shown in Fig. 12.3 which gives an impression of the 
movements of the Earth and the Moon. The distances between the diffe- 
rent bodies are actually very much greater than can be indicated in the 
figure. The distance from the Earth to the Sun, for example, should be 
more than 11000 times the diameter of the Earth. Furthermore, the 
diagram gives the impression that the Moon’s orbit and the Earth’s orbit 
are in the same flat plane, whereas in actual fact they are tilted at an angle. 


hen the Sun, Earth and Moon are in 


The Lunar Eclipse happens W. 
he Sun and the Moon. If the Moon 


à straight line with the Earth between t 
is in the Earth's umbra cone it will not be visible, because the Moon is non- 


luminous, and can only be seen by the light that falls on it from the Sun, 
which is now cut off by the Earth. Fig. 12.4 describes the situation. А total 
eclipse of the Moon is possible because the Earth's umbra cone is wide 
enough to cover the Moon completely. A partial lunar eclipse occurs when 
the Moon moves only partly into the shadow or umbra of the Farth. When 
it is in the Earth's penumbra, the Moon is not eclipsed, but it appears less 
bright as it receives, and hence reflects, less light from the Sun. 


LUNAR ECLIPSE 


appearance of Moon at А @ 
|, 
«0, 


Fig. 12.4 The Lunar Eclipse 


ements and calcul; f the paths and speeds 


ations О! 
ong before 


Astronomers, by measur eun] 
of the Earth and the Moon, can tell the dates of lunar eclip 


they happen, and these dates are published well in advance in ин 
scientific journals and newspapers: Lunar eclipses happen Gr dale d y 
frequently and you will have а chance to see one for e 3 3 ec Un 
is visible from all over the world. when it Pa nidos ne Mes t E 
Earth sees the Moon's disc partly pn Dy er "e n 
to the shadow, until the whole disc 


oves in 
edge. The Moon ПЕ four hours before it moves out of the 


has become invisible; it may be up 9 


Earth’s 
orbit 


Moon's 
orbit 


Fig. 12.3 The Earth’s orbit and 
the Moon's orbit 
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shadow again. The curved line on the Moon's face at an eclipse is one of 
the many pieces of evidence that the Earth is round like a ball. 


The Solar Eclipse, shown in Fig. 12.5, occurs when the Sun, Moon and 
Earth are in a straight line with the Moon between the Sun and the Earth. 
The Earth is much larger than the Moon and cannot fit entirely into the 
umbra cone of the Moon. People on that part of the Earth's surface that 
does fit into the Moon’s umbra will not see the Sun, so a solar eclipse isa 
local affair affecting only one part of the Earth at one time. People looking 
at the Sun from positions in the path of the eclipse will see a circular black 
patch spreading from one side of the Sun, until, as the edge of the umbra 
reaches them, the whole disc of the Sun will be hidden and they will be 
plunged into darkness even though the eclipse may occur at midday. This 
is called a total eclipse of the Sun. It takes only a few minutes for the пр 


track of 
the eclipse 


SOLAR ECLIPSE Earth 


Fig. 12.5 The Solar Eclipse 


it, and will therefore experience a partia ] 
TOtatés on its axis while the eclipse oc 
within the belt of latitudes marked ‘tra 
position where they can experience 
penumbra. 


ANNULAR ECLIPSE 


@ арреагапсе ої Зип 


Fig. 12.6 The Annular Eclipse 


Since the Moon's orbit around the earth is slightly elliptical, its 
distance from the Earth varies. Thus it occasionally happens that the 
Moon comes between the Sun and the Earth at a time when its umbra does 
not reach the surface of the Earth. The situation is shown in Fig. 12.6. 
People in the centre line of the path of the eclipse will see the Moon lying 
exactly in front of the Sun but not quite large enough to cover it. They 
will see a narrow outer ring of the Sun, and this is called an ‘annular 
eclipse’, because ‘annulus’ is the Latin word for ‘ring’. 

By elaborate calculations scientists can predict beforehand when a solar 
eclipse is expected. Solar eclipses are quite frequent, but each solar eclipse 
is only visible over a small part of the world so you may not get many 
opportunities to see one in your lifetime. Astronomers make use of each 
eclipse for various scientific observations and measurements. Thus, for 
example, during a total eclipse of the Sun they can observe the outer atmos- 
phere of the Sun which is ordinarily invisible due to the glare of the Sun. 


ere introduced to the pinhole camera which 
the rectilinear propagation of light (a rather 
traight lines). 

ourself what would be the 
vere moved closer to the 


‘ In Chapter 4, Fig. 4.2, we w 
is an interesting application of 
elaborate way of saying that light travels in s 

Take a closer look at Fig. 4.2, and ask y 


resulting change in the image if (а) the screen v 
pinhole, (b) the screen were moved farther away from the pinhole, (c) the 


pinhole aperture were enlarged. It should be quite easy to understand that 
in (a) the image would be smaller but brighter while in (b) the image would 
be larger but fainter. To find the answer to question (c) you must realise 
that. the larger aperture would behave like a collection. of pinhole 
apertures, each of which would cast an image. Would these images all 
coincide exactly? What would be their overall effect? 

You may have noticed in the late evening that round patches of light 
sometimes appear on the inside walls of a closed room or a shed. These 
patches move upward as the Sun sets. These round patches are pinhole 
images of the Sun arising [rom a tiny pinhole or cr ck in a door or shutter 
that is facing westward. In full sunlight, pinhole images of the Sun can 
be seen under leafy trees. The shadow cast by the canopy of the tree is 
broken by a number of round patches of light. If you look upwards you 
will see that there are no round holes to account for the round patches. 
The bright rings are pinhole images of the Sun and may be formed by any 
very small hole or gap in or between the leaves. The patch is round only 
because the Sun is round. What would be the shape of these bright patches 
during a solar eclipse in the periods just before and just after the total 


eclipse? 


2. Reflection of light from plane surfaces 

A surface which reflects light regularly i.e. according to certain laws, is 

called a mirror. A mirror whose reflecting surface is flat is called a plane 

mirror. In this section we shall examine the reflection of light [rom a plane 

mirror, To do this we shall require an arrangement that will project a 

forward beam of light. Such an arrangement is called a ray box and its 
e of light is an electric bulb 


construction is shown in Fig. 19,7. The source 
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held їп a brass tube which passes through a hole in a sliding top. Its height 
is adjustable. Rays from this bulb pass through a cylindrical lens, The 
position of the bulb is adjusted so that a strong parallel forward beam is 
obtained. There are Brooves for pinholes, slits, or coloured plates, and so 
тау, narrow beams ог wide beams of either white or coloured light can be 
obtained. b 

Take the ray box with its single slit and place it on a sheet of white 
paper on a' flat table top; the beam will show as a bright line on the white 
paper. Now take a plane mirror and support it upright on the table top 
so that the parallel beam falls on the mirror, and observe what happens. 
Turn the mirror from a position perpendicular to the beam till it makes 
a very small angle with the Беат, Note what happens. 


bulb whose height and position 
can be adjusted 


mS 


cylindrical 


coloured plates, slits, pinholes 
Fig. 12.7 A Ray Box 


Now mark the Position of one sharp edge of th 
this is the incident ray (‘incident’ means 
of the mirror, and mark the position of the s 
The two lines marked should meet at a poi 


€ beam from the ray box; 
‘falling on’). Mark the line 


€ mirror from this point; this 
nt of contact. Fig, 12.8 shows 


0 the angle of reftection. This is 
would a ray which struck the 


the point of contact, and the reflected тау are all in the same plane. This is 
another law of reflection. 


Although the modern method of using a ray of light produced by a ray 
ne is much more realistic and convincing, the old method of using pins 
о define rays of light is more convenient in certain cases. 


plane mirror 


normal 
Fig. 12.8 The laws of reflection 


Pin a sheet of drawing paper to a drawing board, and draw a line XY 
on the sheet. Place the mirror on this line. Stick two pins A and В vertically 
into the drawing board. You will see their reflections a and b in the mirror. 
Sighting along the sheet, place two more pins С and D so that they are in a 
straight line with a and b. Join AB and CD. When produced they will meet 
at O on the mirror. Draw the perpendicular ON to XY. Fig. 12.9 shows 
what you have marked on the drawing paper. Measure the angles AON 
and DON. They will be found to be equal. Since these are the angles of 
incidence апа reflection respectively, you have verified the first of the two 


laws stated above. 


N 


Fig. 12.9 Verifying the laws of refiection 


N is the normal at the point of contact, 
1 these three are in the same plane — 
d this verifies the other law. If the 
ane as AB and ON, you would not 


Now ABO is the incident ray, O 
and OCD is the reflected ray. Al 
the flat sheet of drawing paper, 2n 
reflected ray OCD was not in the same pl 
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have been able to place C and D in the paper when sighting С, D, a, and b 
in a straight line. You would have had to place them somewhere above or 
below the surface of the drawing paper. 

Now look along AB into the mirror, and you will see that it is in a 
straight line with C and D as seen in the mirror. This shows the reversibi- 
lity of rays. The ray AB is reflected along the path CD; the ray CD is 
reflected along the path AB. This principle of reversibility holds true for 
any ray or beam, and we shall meet many examples of it as we continue 
our study of light. 


B 
о 


Fig. 12.10 Formation of the image of an object point in a plane mirror 


The two laws of reflection which we have verified, first with the ray box 
and then with pins, enables us to understand the formation of an image 
in a plane mirror. Fig. 12.10 shows the formation of the image of a point 
object. The object point, O, gives off rays of light in all directions; OA and 
OC are two such rays. OA is reflected from the mirror, according to the two 
laws stated above, along the direction AB, and OC along CD, When the 
eye receives the reflected rays AB and CD it sees the point O, because the 
light energy it is receiving came from this point. But the eye cannot take 
into account change of direction; it believes that the energy it is receiving 
comes along the direction AB, and along the direction CD, i.e. from the 
point I where these lines meet when produced. The суе therefore sees 
the point O at the position I, i.e. I is the image of the point О. If IO was 
joined to cut the line of the mirror at M, it would be seen that IM = OM 
and that angle IMA = angle ОМА = 90°. 

This fact can be verified: 


(i) Experimentally (see Fig. 12.11) 


Pin a sheet of drawing paper to a drawing board. Draw a line XY on the 
drawing paper, and mark a point O in front of this line. Place the mirror 
along XY, and stick a pin vertically into the drawing board at O. Place 


three pi 

m dons C so that they are in a straight line with the image I of 
Eh onddo МЕ. О. Place three more pins L, M, N also in a straight line 
all BRE is again with the pins P, Q, R. Since СВА, NML and КОР 
i; рт e position L when the mirror is removed and these three 
du: i | uced they will all meet at I. and this locates the position of 
So A ie OI and call M the point where it cuts XY. On measure- 
90°, е seen that OM = IM and that angle OMY = angle IMY = 


Experimental location of the image 


Fig. 12.11 


(ii) Geometrically (see Fig. 12.12) 


Since angle of incidence = angle of reflection 


angle OAN = angle NAB 


ог, i = Г. 

but, i = а (alternate angles) 

and r = b (corresponding angles) 
dej а=. b 


kes the mirror perpendicularly will be reflected 
he mirror, and we have already discussed why. 
MA and angle IMA are each 90°. In triangles 


wey the ray OM which stri 
ack perpendicularly from t 
This establishes that angle O 
OMA and IMA, 
angle a = angle b 
angle OMA = angle IMA = 90° 
side MA = side МА 
thus the triangles OMA and IMA are congruent (A.A.S) and therefore , 
OM = IM. We have therefore established that the image point is on the 
perpendicular to the mirror line from the object point, and as far behind 


the mirror as the object point is in front of it. 


(proved ађоуе) 
(proved above) 


o N 


Fig. 12.12 Geometrical period for 
the image position 
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Fig. 12.14 Lateral inversion 


П 
1 
' 
D 


a 


Fig. 12,15 Tracing a ray through 
@ rectangular block 
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We can now understand the formation of the image of a body € 
mirror. Fig. 12.13 explains this. The object AB consists of E Бла 
Each point оп the object has а corresponding image point P 3 aR ү 
perpendicular to the mirror from the object point, and as far behin 


Fig. 12.13 


Formation of the image of an object in a plane mirror 


mirror as the object is in front, All these image points constitute the image 
A’ В’. 


The position af the image as established above also explains the lateral 
inversion of the image і i 


in front of a mirror and 
raise your right hand. Which hand does your image raise? Which hand of 
ar to the mirror from the hand you raised? 


а card and place it in front of a mirror as shown in 
Fig. 12.14, Explain the appearance of the image in terms of the position 
of the image as stated above, 


3. Refraction of light 


When a ray of light passes from one substance int 
different density, it changes its direction. 
termed refraction which literally 


the passage of a ray of light through a rectangul, 


О another substance of 


, which would 
show the same changes of di - Мики а 


The results indicate that of light travels from a rarer to а 
denser medium it is bent towards the normal, and when it travels from а 
denser to а rarer medium it is bent away from the normal. 

This helps to explain a very well known phenomenon — the raising 
effect of refraction. A bucket of water looks more shallow than it actually 


Fig. 12.16 Tracing a ray through a triangular prism 


raised by refraction. See Fig. 


is $ 
5 because the bottom of the bucket appears 
here it enters the 


12.17(a). A stick held slantwise in water appears bent w. 
Water, 
Fig. 12.17(b) explains why. The rays РА and PB, when passing from 
the denser medium, water, to the rarer medium, air, are bent away from 
Ше normal along the directions АС апа BD respectively. The eye 
Teceiving these rays, cannot take into account their change of direction, 
and sees the point P from which the rays came at the position Q. 
_ Thus the bottom of the bucket appears raised to the level of Q, while 
in the case of the stick each point in the section under water appears raised, 
P to Q, L to M, R to §, so the section ORLP appears to be in the 


Position OSMQ. 


D pupil of eye c 


(a) 
Несі of refraction 


Fig. 12.17 (a) (b) The raising е 


nt raising by refraction can you 


е 
(b) draw ray diagrams to explain 


a cow many other examples of appar 
ink of? On the basis of Fig. 12.17(a) and 
these cases, 
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4. Reflection from spherical mirrors 


A mirror whose reflecting surface forms 


part of a sphere is called a 
spherical mirror. If its reflectin 


g surface bulges outward, as in the case of 
the mirror PQ, it is a convex mirror. If its reflecting surface caves inwards, 


as in the case of the mirror AB, it is a concave mirror. The centre of the 
sphere of which the mirror is a part is called the centre of curvature of the 
mirror; thus C is the centre of curvature of mirror AB and of mirror PQ. 
The radius of the sphere of which the mirror is a part is its radius 


О, CL ог CP is the radius of curvature 


Q 


Mirror Terminology 


Fig. 12.18 


И rom а conca i a 
convex mirror. ve mirror and from 


In Fig. 12.19(a), if the ra 
then accordin 


Therefore г = а, so OF — FC. Now if the ray 10 
1 be very near P 


it, would, after reflection, all pass through the mid-point (or very nearly 


so) of the line joining the pole of the mirror to its centre of curvature. This 


(a) (b) 


Fig. 12.19 How a ray of light is reflected from (a) a concave mirror (b) a convex mirror 


is shown in Fig. 12.20(a). The point through which all these rays pass after 


reflection is known as the principal focus of the concave mirror. Similarly 
Figs. 12.19(b) and 12.20(b) show the principal focus of a convex mirror to 
be the point midway between the pole and the centre of curvature from 
Which rays, all parallel to the principal axis and very near it, appear to 
diverge. Thus a ray of light parallel to the principal axis and very near it, 
would, after reflection from a concave mirror, pass through its focus, and 
would, after reflection from a convex mirror appear to be coming from its 
focus. The principle of reversibility tells us therefore that any тау through 
the focus would, after reflection, move parallel to the principal axis of the 
mirror, The distance from the focus to the pole is known as the focal length 


of the mirror. 


b 
(a) (b) 


Fig. 12.20 (а) Focus of a concave mirror (b) Focus of a convex mirror 


143 


Real and Virtual 


The concave mirror is said to have a real focus because the parallel rays 
after reflection all actually converge to that point. It could, for instance, be 
obtained on a screen in a darkroom, 

The convex mirror has a virtual focus because the parallel rays do not 
actually converge to that point after reflection, but only appear to diverge 
from it; it could not be obtained оп а screen. Similarly the image in a plane 
mirror, shown in Fig. 12.13, is a virtual image because the rays do not 
actually meet at the image; the rays do not actually converge to form the 
image, but only appear to diverge from it, 

A real image is one formed by the actual int 
1 received on a screen, A virtual image 
diverge from it; it cannot be receive 


ersection of rays; it can be 
is спе formed by rays appearing to 
4 оп а screen, 


Н 
Н 

{ Images in Spherical mirrors 
H E 

H 


То construct the image point of any object point, draw the following rays: 
1. The ray from the object point paralle 


1 to the principal axis which, 
after reflection, р 


asses through the principal focus, 
2. The ray through the centre of cury: 


mirror normally, or perpendicularly, мі 
the same path. 


ature which, since it strikes the 
ll, after reflection, return along 
Fig. 12.21 Image in a concave mirror 
deae eh e 3. The ray through the principal focus which, as w 
principle of reversibility, would 
principal axis. 
Generally the first two rays are enough; the th 
the second is not possible, e.g. when the ob 
Fig. 12.21 shows the image formed in 
lies within the foca] length. The im 
This finds application 1 
= Fig. 12.22 shows that whe 


е have seen from the 
‚ after reflection, move parallel to the 
ird is only required when 
ject is at the centre of curvature. 
à concave mirror when the object 
age is virtual, erect and magnified. 


as in the headlights 
at rays are refe 
laws as light rays, а room heater consists of 
а concave reflector, 
Fig. 12.23 shows that an Object held before 
the focal length would produce 
bea magnified image if the object was near the focus. but becomes smaller 
as the object is moved away from .the focus. Che, 


i { ck this by drawing the 
image for various object positions outside F, үу 
Fig. 12.22 


centre of curvature, the image is the same size as 

Obtaining a strong forward beam image finds application in exhibitions, amusemen 
from a concave mirror in certain scientific instruments like the reflectin 
Fig. 12.24 shows the image of an object held 

Тће image is always virtual, erect 2 

rear-view (driving) mirrors in cars z 


of a car, in search- 
cted according to the same 
4 Strong source of heat placed 


à concave mirror and outside 
а real, inverted im 


ex mirror. 
- This is why the 
convex mirrors. 


he traffic behind 
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At this stage it i | 
M his stage it is useful to remember that the image in a plane mirror 
ual, erect, and of the same size as the object. 


Fig. 12.24 Image in a convex mirror 


Fig. 
9. 12.23 Image in a concave mirror when 
the object is outside the focal length 


Concave ; Е $ А E 
cave and convex mirrors which are not spherical will produce similar 


ипар Nae х 
ШЫ, Look into the curve of a shiny metal spoon first held close and 
weld further away. Then turn the spoon around and look into its 


Convex face. 


5. Lenses 
dium, usually glass, bounded 
and one curved surface. The 


the name was given first to 
ntil seeds, which in 


nu * a piece of transparent refracting me 
WO ducts curved surfaces or БУ опе р!апе 
(далы "a is the Latin word for lentil Я апа 
India we ds because of their similarity in shape to le 
call ‘dal’, 
Ee called convex if they are thicker at the middle than at the 
бк » concave if they are thinner in the middle than at the ends. 
s are named according to their shape, as shown in Fig. 12.25. 


LE 


pouble plano- concavo- double ріапо- convexo- 
Onvex convex convex concave concave concave 


Convex or Converging Concave or Diverging 
Fig. 12.25 Different types of lenses 


b is helpful (see Fig. 12.26) to consider a double convex lens as two 
ia 1 d : 
‘ngular prisms base to base, and а double concave lens as two prisms 
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apex to apex, and to apply our knowledge of the refraction through a 
triangular prism shown in Fig. 12.16. We see that a convex lens converges 
light, while a concave lens diverges light. Note that when a ray of light 
passes through a lens there are two refractions; one when the ray passes into 
the lens and the other when the ray leaves the lens. For simplicity in dia- 
grams we shall represent the total effect of both refractions as one change of 
direction in the centre of the lens, as shown by the dotted lines in Fig. 12.26. 
This central part of the lens is called its optical plane. The geometrical 
centre of the optical plane is called the optical centre of the lens. The un- 
limited straight line through the optical centre and perpendicular to the 
optical plane is called the principal axis of the lens. 

A. set of rays, all parallel to the principal 


axis and close to it, will be 
refracted by a convex lens so that they 


all pass through one point on the 
principal axis on the other side of the lens as shown in Fig. 12.27(a). This 
point is called the principal focus of the lens, The d 
focus from the optical centre of the lens is called 
lens. A set of parallel rays which strike the other face of the lens would be 
converged to a corresponding point оп the other side of the lens. A convex 
lens therefore has two principal foci, symmetrically placed on each side of 
the lens. Fig. 12.27(b) shows how a concave lens would refract such a 
parallel beam. The rays after passing through the lens all appear to diverge 
from one point on the principal axis on the same side of the lens. This is the 


istance of the principal 
the focal length of the 


principal focus of the concave lens; its distance from the optical centre is 

(b) called the focal length of the lens. The other principal focus is symmetri- 

Fig. 12.26 cally placed on the other side of the lens, just as in the case of the convex 
How iight is refracted lens. Thus a convex lens has two real foci, but a concave lens has two 
(a) through a convex lens virtual foci. Тће plane through the focus of a lens perpendicular to the 


(b) through a concave lens principal axis of the lens is called the focal plane of the lens. 


Fig. 12.27 (а) Focus of a convex lens 


(b) Focus of a concave lens 


Images formed by lenses 
То construct the image of an object point use the following rays: 


1. The ray from the object point parallel to the principal axis which 


after refraction passes through the first principal focus in the case of a 
convex lens, or appears to be coming away from the first principal focus 
in the case of a concave lens. 


2. The ray through the optical centre which goes on in the same direc- 
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tion, because it passes through the centre of the lens where the two 
Opposite surfaces are parallel. The situation is similar to a ray being 
refracted through a parallel-sided glass block. As shown in Fig. 12.15, the 
Tay emerges parallel to itself but suffers a sideways shift. If the glass block 
15 not very thick, and if the ray is not very oblique, this shift is negligible 
Hence a ray passing through the optical centre of a thin lens, and striking 
it almost perpendicularly is considered to go on in the same direction. 


3. The ray through the second focus which after refraction moves 
parallel to the principal axis. 4 

The first two rays are enough to construct the image. д 

Fig. 12.28 shows the image formed by a convex lens when the object is 
within the focal length. The image is virtual, erect and magnified, which 
explains the use of a convex lens as a magnifying glass. оф 

Fig. 12.29 shows the image formed by a convex lens when the object is 
outside the focal length. The image is real and inverted. This is the type 
of image formed by a projecting lantern or slide projector, by a camera, 
and by the human eye. By drawing ray diagrams find out what happens 
to the size of this image as the object is moved further away from the lens, 


Starting from a position just outside the focus. 


Fig. 12.29 Image in a convex lens when the 
object is outside the focal length 


d by a concave lens. The image is 

i i i as 
Virtual, erect and diminished in size. Will the image change Br ЕР 
the distance of the object from the lens is changed, and, more p 7 


И the object is insi где the focal length? 
ject is inside or outside the = у 
In each of the Figs. 12.28, 12.29 and 12.30 what would happen if IB were 


the object? 


Fig. 12.30 shows the image forme 


6. Dispersion and Colour 

Dispersion. 1 wton caused a beam of su t 
a circular ee m D dpi blind, to fall on a triangular glass ред 
‘ound, as we saw in Fig. 12.16, that the light was refracted or ath pa 
15 origina] path, but instead of obtaining a simple image o x Boks 
obtained a band of colours, which he called a spectrum. Its cotou 
the same as those found іп a rainbow — red, orange, yellow, ae E { 
Indigo and violet, with each colour merging into the ne Jn Ыр 
Teasoned that white light must be composite, that is made up of a combi 


nlight, passing through 


2 
Й 
/ 

^ 


W}-----------2 — 


Fig. 12.28 Image їп a convex lens 
when the object is 
within the focal length 


~ Fig. 12.30 Image їп a concave lens 
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nation of the above colours. The separation of the colours by the prism he 
called dispersion. Fig. 19,81 shows the dispersion of white light into its 
spectrum by a prism. This dispersion occurs because the different colours 
are bent or refracted. through different angles by the prism, red being 
deviated the least, violet the most, and the intermediate colours being bent 
through angles gradually increasing from red to violet. 


glass prism screen 


slit 
\Z 
\ red 


orange 
yellow 
green 
blue 
indigo 
violet 


Fig. 12.31 Dispersion 


Fig. 12.32 shows how a second prism held іп the rev 
first will recombine the seven colours into white light 
method of recombining the dispersed light. A y 
fact that vision persists in the brain for one-tent 
was described in Volume I of this series, A circ 
equal sectors each painted with a differ 
rotated rapidly. If the speed of rotation 
Newton’s Colour Disc, 
colours will combine in t 


erse position to the 
- This is an optical 
isual method, based on the 
h to one-eighth of a second, 
ular disc divided into seven 
ent colour of the spectrum is 
of this disc, which is known as 
exceeds 10 revolutions per second, the seven 
he brain and produce the sensation of white. 


Fig. 12.32 


Recombination of dispersed light with another prism 


"The spectrum produced in Fig. 12.31 is im 
overlapping of the colours, Fig. 12.33 shows 
obtained. A beam of light from a ray box is 


lens is placed in the light diverging from the 
on the screen at A. A prism is 


pure because of considerable 


how a pure spectrum can be 
directed on to a slit, A convex 


produces minimum deviation, The 


screen is now moved into the path of the beam, and its position is adjusted 


until the light that falls on it is in clear focus. A pure spectrum is now 


obtained on the screen. It consists of an infinite series of coloured images 
of the slit focussed side by side on the screen, 


ae mel out what he considered to be the most prominent 
ae ieee violet, blue, green, yellow, orange, red (VBGYOR). 
| je vae a indigo, between the violet and the blue, but most 
A e istinguish it. What must be understood, however, is that 
e E really an infinite number of colours in the spectrum, just as 
UR ean infinite number of points in a line of given length. We have 

y a limited number of names for colours, and the word ‘red’, for 
example, has to cover a wide range of tints. 


white 
cd screen 


4793 


of white we 
light Қ 

behind 

Narrow slit 


Fig. 12.33 How to obtain a pure spectrum 


erty of the light which reaches our eyes; it is not 


а property of the objects we see since the same object can appear to have 
different colours. A red cloth looks red in white light and in red light, but 
it looks black in any other coloured light. This is because the colouring 
Matter, or dye, of the cloth absorbs every other colour and only reflects red 
to our eyes. When blue light, for example, falls on it the red cloth will not 
reflect any light to the eye, since there is no red light for it to reflect. 
Similarly a blue cloth absorbs every colour except blue, which it reflects to 
our eyes. A blue cloth illuminated in white light will absorb all the other 
Colours from the white light that falls on it, and will only reflect blue 
light to our eyes. If no blue light falls on it, no light will be reflected by it 
to our eyes, and so it will look black. A white object is able to reflect every 
Colour, In white light it looks white because it reflects all the colours that 
make up white to our eyes. In red light it looks red because it is able to 
reflect red light to our eyes, s blue because it 


and in blue light it look: 
P flects blue light to our eyes. A black object absorbs every colour and 
Оез not reflect any light to our eyes ап 


d that is why it looks black; black 
results from the absence of all colours. 


Colour. Colour is a prop 


Colour mixing. Some very instructive experiments сап be performed 
using the ray box described in Fig. 12.7, with plates of different colours 
which will produce beams of different colours. A red plate, for example, 

ed, and will only trans- 


Will absorb every colour from white light except г 
Direct a red beam, а blue beam and а 


mi : 
it a red beam through the slit. | : 
А beam on to a white screen. The colours combine to produce white. 

ed light and green light directed on to a screen would overlap to produce 


yellow; blue light shone on to this yellow patch will make it white. Blue 
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yellow 


green 


Fig. 12.34 


red 


light mixed with green light produces a colour called peacock-blue or 
cyan. What light must be shone on to this cyan patch to make it white? 
Red added to blue produces a colour called magenta. Two colours which 
together produce white are called complementary colours. Thus blue and 
yellow are complementary colours. What is the complementary colour to 
magenta? A useful aid to memory is the colour triangle shown in Fig. 12.34. 


magenta The three colours, red, green and blue, known as the primary colours are 


peacock blue 
blue 


The colour triangle 
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placed at the vertices of an equilateral triangle. Midway between red and 
green is yellow because red and green, when they enter the eye simulta- 
neously, give the sensation of yellow. Similarly, peacock-blue, or cyan, is 
placed between blue and green, and magenta is placed between red and 
blue. Yellow, magenta, and peacock-bue ог. cyan are called secondary 
colours. At the centre of the triangle is written white, since red, green and 
blue when entering the eye together give the sensation of white. 


We can see also that: 
1 part blue + 2 parts yellow will give white light 
since 1 part red + 1 part green gives 2 parts yellow. 


"These facts concerning colour mixing by addition can also be verified using 
Newton's Colour Disc, If the disc is divi 


· In practice 


perfect results, nd you will not get 


white light 


green lights green light 


Peacock-blue filter allows yellow filter only allows yellow 
only blue and green light red and green to pass through. 

to pass through —it stops the blue 
Fig. 12.35 


А peacock-blue filter and a yellow filter together transmit green 


disc RUN some colour mixing by subtraction. A piece of red 
he path of white light will absorb all the other colours and 
He allow red light to pass through it; for this reason it is called a red 
Шок НЕНІ Arga red е S RN др И together in 
И looks bla е ight woule not cany ig! н: through and the combi- 
s black. Fig. 12.35 shows a peacock-blue filter and a yellow 

filter held in the path of white light. The peacock-blue filter, as the name 
implies, filters all colours out of the incident light except blue and green. 
1 he yellow filter permits only yellow, red and green light to pass through 
i and so the only colour which is transmitted by both is green. A similar 
сесі is achieved by putting a layer of blue paint over a layer of yellow 
paint on a sheet of white paper. Paints or pigments are never spectrally 
pure; their colour is always contaminated with those colours that are 
adjacent in the spectrum. Thus blue paint will be contaminated with some 
violet (and indigo) and green, while the yellow paint will be contaminated 
With some green and orange. The layer of blue paint acts as a filter 
allowing only blue, violet (and indigo) and green light to pass through. 
Тће blue light and violet (and indigo) light are stopped by the layer of 
yellow paint which will only allow yellow, green and orange to pass 
through, Thus the only light that can pass through both layers is green. 
his green light is reflected off the white paper below, and when it reaches 
the eye it gives the sensation of green. Thus we have the answer to the 
anomaly; blue light mixed. with yellow light gives white, but blue paint 
Mixed with yellow paint gives green. The former is colour-mixing by 
addition; the latter is colour mixing by subtraction. Draw a diagram similar 
19 Fig. 12.35 to represent what happens in the case of mixing blue and 
yellow paints. Why is the green produced a weak green, and not as strong 
45 the green from green paint? Mix together copper sulphate solution and 


^Otassi : , ; r : > Why? Wh: 
Potassium dichromate solution; what is the resulting colour? W hy? What 


will be the colour transmitted by peacock-blue, yellow and magenta filters 


held together? Why? 

КЕТ а filter in front of a гау box, 
Paper Or wool with coloured light, or exan К 
light through coloured filters. In this case the pigment of the Ipae 
ни Balt deme colours іп the incident light. For example, 


peacock.b] 1 АМЕ 4 yellow paper will make it appear green, 
Me ho гк ал | and orange light, but the yellow, 


for the pa er wi ү z, red, green h 
red T wer Si tie peacock bt light and so only green is 
reflected. What colour will a yellow cloth appear to have in magenta light? 
Many amazing effects are produced on a theatre stage by simple appli- 
Cations of the principles we have been studying. A masked figure appearing 
n red against а black background can be made © disappear almost 
Completely if the lights shining on the figure are switched from white to 
Бтееп, Can you explain why? A yellow costume, as ме saw above, will 
change to red if magenta light falls on it, and to green if peacock-blue light 
falls on it, 
White fabrics acquire a yellow í 
luish dye added during washing neutralizes t 
abrics appear white. Is this colour mixing by 


illuminate specimens of coloured 


ліпе coloured specimens in day- 
r or wool 


vish colour after repeated washings. A 
he yellowish colour and the 
addition or by subtraction? 


An ordinary electric light-bulb emits light in which there is a greater 
proportion of red and yellow, and a lower proportion of blue, than in 
sunlight. It is therefore impossible to match colours in artificial lighting. 
Many stores provide powerful ‘daylight’ lamps for this purpose. These 
lamps are tinted blue to cut down the proportion of red and yellow 
light, and to give out light of a composition similar to daylight. Another 
type of daylight lamp has a reflector painted a blue-green colour. 


Colour Vision. How the eye detects colour, or how it fails to as in the 
case of colour blindness, is fully explained in Chapter 4, section 4. Read 
this section again carefully, in the light of all that has been said above. 


Questions 


1 Draw a diagram to explain the formation of the shadow of an 
opaque object held before a large source of light. Use this diagram 
1o explain why the shadow of an opaque object hekl before a large 
source appears blurred around the edges, and why this blurring 


increases in width as the distance between the body and the screen 
is increased. 


nm 


Draw a ray diagram, one in each case, to explain the formation of 
(a) a lunar eclipse, (b) a solar eclipse, (c) an annular eclipse, and 
explain: 

(i) what is meant by the ‘track’ of a solar eclipse; 


(ii) why a lunar eclipse can be witnessed all over the world, but a 
solar eclipse is only experienced by those on 


а certain part of 
the earth's surface; 


(iii) how a lunar eclipse provides evidence th 


at our earth is round 
in shape: 


(iv) when it is a partial eclipse, and when it is 


а total eclipse, in 
the case of both solar 


and lunar eclipses; 

(v) why a total eclipse of the sun 
the earth's surface, lasts 
eclipse of the moon: 


Observed from any one place on 


a much shorter time than a total 


3 Explain the formation of the numerous bright circul 


ar patches of 
light seen on the ground under a leafy tree. Е 


4 State the laws of reflection of light, and explain how you would 
verify them given а drawing board, drawing paper, pins and a 
plane mirror. 


я 


How would you locate the position of the image experimentally? 
State this position. 


6 What is "lateral inversion’ and why does it occur? Give two diffe- 
Tent examples of lateral inversion. 


10 


11 


13 


14 


15 


16 


17 


18 


19 


Draw г i 

а тау diagr: explai : 

deci ray diagram to explain the formation of the image of an 
\ іп а plane mirror. State six facts about this image. 


Draw arri f mi 
m г. arrangement of mirrors that would enable a man to see 
У а high wall. Trace the rays from the object to his eye 
ote—If you have Г i | 
ave forgotten the action of a peri 
\ у а а periscope, read 
of Volume I again). | i гар 


Sketch an arr: 5 i 
h an arrangement of two mirrors which would enable a man 


to se i 
е the top of his own head. Trace the path of the rays. 


What is me: ‘yefracti 

Er [: н meant by the refraction’ of light? Draw ray diagrams to 
w acti 1 i i 

ч) : he refraction of a ray of light when it passes (a) from a rarer 
а denser medium, (b) from a denser to a rarer medium. 


piv my dinge to show how a ray of light which strikes one 
ete, си is refracted through a parallel-sided glass block. 
ion | i ‹ Wa DERE how the ray would have been refracted 
eve чу зе block if it had struck the first face perpendicularly, 
uld you verify both these cases by experiment? 
an object appears to be 
ing looked at from 
looked at sideways 


Explain wi У ; 
Я ‘plain with the help of ray diagrams why 
aise ee. кке, 
$ sed by refraction (a) when the object is be 
RN Рр: E 

х ically above, (b) when the object. is being 
rom above. 


Menti | і 
ntion one example of each case from everyday life. 
ain how you 


id drawing paper, expl 
light is 


Given ei ; 
iven either a ray box, or pins at 
xperiment how a ray of 


Ww чё : : 

у ш proceed to investigate Ьу е 

ет: e А . 
racted through a triangular glass prism. 

esult you would obtain. 

hich the prism turus the ray. 


Draw a di: 
aw a diagram to show ther Mark on your 


diagr: 

gram the angle through w. 
to show the formation of 
we mirror. Explain 


Draw ; ў 1 
( ма 4 diagram, one in each case, 
а) a virtual image (b) a real image, in a сопса 
о à ; А 

пе use to which the first image тау be put. 


1 Taw a ray diagram to show the image formed in a convex mirror. 
5 this image real or virtual? Why is a convex mirror preferred to it 
a car or motor cycle? 


Мапе бе : 3 2 
plane mirror for use as the rear-view mirror in 
Explain wi : T E | sail 
n with a ray diagram how a concave mirror can be used to 
lications of this. 


rl beam. State two арр 


erging, (b) is diverging, 


ођгај 8 
btain a strong forv 
(a) is conv 


Whic 
hich lens, convex or concave, 
al focus? 


OV as T 
(с) has а real focus, (4) has а virtu 
e, to show the formation of 


Draw ; м У 

( Taw а ray diagram, one ІП each 
BY $ | 5 

S a real image, (b) а virtual imagi 
escribe one practical application 


e, in a convex lens. 
of each image. 


Draw ; 
i raw a ray diagram to show the format 
ens, Describe the nature and size of the image. 


ion of an image in a concave A 
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20 


21 


22 


24 


26 


27 


28 


Draw a ray diagram to show how a convex lens can ђе used as a 
"burning glass'. 


Explain, with a ray diagram, how you would obtain a pure spectrum 
on a screen. Describe the appearance of the spectrum. 


A spectrum has been described as a colour analysis of white light. 
Explain how the prism analyses, or breaks up, the white light into 
its constituent colours. How many colours are there in the spectrum? 
How many colours are easily identifiable? 


Explain, with a ray diagram, an optical method of recombining the 
light dispersed by a prism. 


Describe a visual method of recombining the dispersed light. 


Describe and explain the appearance of a red rose with a green leaf 


(a) in white light, (b) in red light, (c) in green light, (d) in blué 
light, (е) in yellow light, (f) іп magenta light, (g) in peacock-blue 
(or cyan) light. 

What is meant by (а) primary colours, 
(c) complementary colours? Name the primary and secondary 


colours, and give two examples of complementary colours, Draw 
and explain the 'colour triangle’. 


(b) secondary colours, 


and name the colour that 
these colours are mixed. 


Describe and explain two metho 


experimentally that blue light 
duce white. 


ds by which you would demonstrate 
and yellow light when mixed pro- 


Why is blue colouring matter often 


1 added to the water in which 
white clothes are washed? 


A peacock-blue filter 
path of white light, 
A magent 
white lig 


and a yellow filter are pl 
What colour light do 
a filter is now held together with 
ht. Describe and explain the result, 


aced together in the 
they transmit? Why? 
them in the path of 


White chalk is sometimes difficult to see on а blackboard when one 
is seated in certain positions in a Classroom, Explain this, illustrat- 
Ing your explanation with а diagram of a plan of some classroom 


with which you are familiar. State, Biving a reason, whether yellow 
chalk would be better than white in this connection | 


Explain why it is impossible to match co 
What help do large stores an 
Explain why purple cloth app 
would be the most difficult t 


lours in artificial light- 
d shops provide in this respect? 
cars red by lamplight, Which colours 
9 match in artificia] lighting? 


13 
More About Sound 


1 ТІ 

“Тһе pr Р 
IN th production and transmission of sound 

this secti 
ction : 

Bets to the e we are going to talk about what starts а sound and how it 

у аг. 51 : fee. 
хал та ИЙ Since much of this has been said in Chapter 4, section 2, it 

st helpful if you study that section again carefully before we 


70; 
Б Бар), further. 
hat 
~ Starts 2 : . (5 E 
Vibration S a sound is the vibration of the sounding body. This 
ER avid D p areas of alternate high and low pressures, or compres- 
efactions as they are called, in the air surrounding the body. 


We sh 
all Я 
now study in greater detail how these are produced. 


Fig. 13.1 The mechanism of sound transmission 


an elastic ball (see Fig. 13.1) for a source of 
he ball is made to expand and contract 
surface of the ball is made to move back 
long а radius of the ball. As the ball 
а, crowding the air molecules closer 
region at its surface where the density 
greater than normal. This region is 


L 

ШЕ ирин that ме have 
Tegularl y е0 by some means t 
and mes that is each point оп the 
expands F outward and inward, a 

‚ tOgether s pushes the air outwar 
and UR X it produces a spherical 
called а co re of the air are slightly 
mpression or а condensation. 


Ü 


Fig. 13.2 


Sound travels through a string 
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A moment later the ball contracts, leaving at its surface a spherical 
region where the density and pressure of the air are slightly less than 
normal. This region is called a rarefaction. The molecules that formed 
the compression crowd against the molecules beyond them and then move 
back into the rarefaction next to the surface of the ball, where they are 
again in a position to get pushed outwards by the next expansion of the 
ball. Thus the movement of molecules at the surface of the ball is passed 
on to the molecules farther out, although the molecules themselves only 
vibrate back and forth, toward and away, from the vibrating body which 
is the source of the sound. The alternate compressions and rarefactions 
so produced follow each other in rapid succession through the air. This 
sets up a mechanical disturbance in the air. When this disturbance, called 
a sound wave, reaches the ear, the sensation it produces in the ear is 
received by the brain as the sensation of hearing. Vhe process of hearing is 
described in Chapter 4. 


It must be stressed that sound cannot 
was demonstrated experimentally in Fig. 4 
between the sounding body and the с 


travel through a vacuum. ‘This 
П. There must be some matter 


ar to transmit the alternate compres- 
sions and rarefactions, some material medium to carr 


This materia) medium is usually solid, liquid or gas. 
Now we have formed a picture of how alternate compressions and rare- 
factions are formed and how they travel through the air, This picture 
presents no difficulty as far as liquids and Bases are concerned, but 
our imaginations might find it hard to picture such waves in solids. We 
must remember that all solids are elastic and that their molecules are free 
to vibrate. To demonstrate that solids can, and do, transmit waves of this 
sort, place six or eight marbles side by side between two metre sticks. Now 
Broove between the two sticks so that it 


roll another marble along the 
strikes one end of the row. The marbles in the row are not visibly disturbed 
of the row which Bets moved away some 


y the sound wave. 
air, but it can be any 


except for the one at the other end 

distance, showing that energy was transmitted by the marbles. 
Evidence proves that sound can ђе tr 

states. In fact it can be shown that liquids transmit sounds better than 

Bases, and that solids are the best transmitters of all. Perform. the 

experiment shown in Fig. 13.2, and conipare the loudness of the sounds 

produced by striking the spoo; 


n when the end of the string is held first in 
your ear and then out of your ear. 


ansmitted through matter in all 


2. The Velocity of sound in air 

The most direct Way to measure the 
Fig. 15.3. An observer at A causes an explosion by igniting gunpowder so 
that a flash as well as a bang are produced. An observer г 
distance e.g. 2 kilometres from A, watches for the flash. When he sees it he 
starts a stop-watch. When the bang reaches him he stops the stop-wa 


atch. 
Since the velocity of light is very great, 300 000 kilometr 


с с е per second, we 
consider the time the flash takes to travel from A to B to be negligible 
The time recorded by the stop-watch is therefore the time taken by the 


sound to travel from A to B. If the distance between A and B is divided by 
this time, we get a value for the velocity of sound in air. To eliminate any 
) i 2 


velocity of sound in air is shown in 


it B, a known 


wind effect а reciprocal observation is taken i.e. the explosion is now 
а B and the timing by the stop-watch is done at А. The value of 
і y of sound trom B to Y is calculated: the average of this value 
and the value calculated before gives a more accurate result for the velocity 
of sound in air. This method, in various forms, gave the first туте а 


е velocity of sound 


Fig. 13.3 Open air determination of th 


not accurate because of what is 
r. No human operator can start 
moment required. Eyes and 
time to react and operate. 
varies from 


about the velocity of sound in air. It is 
termed the ‘personal error’ of the operato 
and stop the stop-watch at exactly the precise 
SUIS signal to the brain; nerves and muscles take 
I his delay, which is called the ‘reaction time’ of the operator, 
One individual to another. Various electrical methods have been used to 
record the time of the flash and the bang, to obtain a more accurate value 
for the velocity of sound in air, by eliminating the personal error of the 


Operator. ; : y 
perator, and we shall study these, and other accurate methods, in Volume 8 
ents show that at 0°C, in free air, the 


Of this series, Very accurate measurem 
Velocity of sound is 331.5 metres per second. Sound travels fascer in warmer 
uir, the velocity increasing by about 0.6 m/sec for every 1°C rise in tempe- 
| air will be 


rature, Thus at 20°C the velocity of sound in dry still 


381.5 + (0.6 X 20) — 331.5 + 12 
= $43.5 m/sec. 


ash occurred, time the 


ar away а lightning ЇЇ 
thunder and 


ad the sound of the 
The result will give you an 
lightning flash from 


2 If you want to estimate how | 
interval between the lightning Hash аг 
multiply this number of seconds by. 340. 
approximate value for the distance in metres ol the 
you, 
ЕДЫ speed of sound in water i 
С sound travels at 1 440 m/se 
1510 m/sec. In steel, sound travels 
fast as in air, while the velocity of sound in brass ha 


about 3 650 m/sec. 


s about four ише» that in air; in water at 


c. The velocity of so 
at 5 000 m/sec. almost fifteen times as 
s been calculated to be 


und in sea-water is 


сл 


м 


158 


3. Reflection of sound 


Find a hard smooth-surfaced wall in your school building. Stand about 
twenty metres away from it and clap your hands sharply. You will hear an 
answering clap shortly after your own. This is the echo: the word comes 
from the Greek word for ‘sound’. 

Whenever a sound strikes a solid surface, part of the sound is absorbed 
at the surface and the rest is reflected back, according to the same laws of 
reflection as for light rays. Fig. 13.4 indicates how this can be verified 
experimentally. The two cardboard tubes channel the sound along the 
paths indicated by the dotted lines. Sound-waves inside the tubes are 
prevented by the rigid walls of the tubes from causing motion in the air 
around the tubes. АП the energy of the sound is therefore obliged to 


travel along each tube, The ear hears the ticking of the clock clearly only 
when angle r — angle i. 


Fig. 13.4 Reflection of sound 


When the reflected sound is heard it is 
much weaker than the original sound, 
spread out to cover a very large sound sphere before it reaches the wall, 
and the reflected wave spreads out again in a similar way on the way back. 
The fact that we are able to hear echoes tells us how very sensitive the 
human ear is. Note that the function of the cardboard tubes in Fig. 13.4 
was to prevent such spreading out. 


called an echo. An echo is always 
because the original sound has 


We have mentioned in Chapter 4 and again in Chapter 19 that 
sensations linger in the brain for a period of approximately one-tenth of 
а second. In this time sound travels about 34 metres. Thus if you were 
closer than 17 metres to the reflecting surface you would not hear the echo 
of your hand clap, because the reflected sound wi 


ould take less than one- 
tenth of a second to travel to the surface and back. Thus the reflected sound 


Ee Se 


is heard while the sensation of the original sound still lingers in the brain, 
and cannot be distinguished from it. To hear the echo of your handclap 
you will need to be at a greater distance from the reflecting surface, e.g. 
the large smooth wall we spoke of at the beginning of this section, than 
the distance sound travels through the air in 1/20 sec. à 


Depth-sounding by echoes. И the velocity of sound is known an echo 
can be used to find out how far the observer is from the surface which is 
providing the echo. This is the principle of the echo method of depth- 
sounding used by ocean liners and fishing ships. 

The method is described in Fig. 13.5. 5 is an electrically operated source 
of sound; it sends out sharp pulses of sounds which pass down through the 
water to the bottom of the sea from which they are reflected. The reflected 
sound is detected electrically by the receiver R, and the time interval 
between the production of the sound at 5 and its reception at R is auto- 
matically recorded. This is the time taken by sound to go to and return 
from the sea-bed. Knowing the velocity of sound in water, the distance Fig. 13.5 Depth — sounding 
travelled can be calculated. It is therefore possible for the instrument to 
plot these times directly on a graph marked out in metres of depth of 
water below the ship. The instrument is called a ‘Fathometer’. 


4. Pitch and loudness 


The pitch of a sound refers to how high or low pitched the sound is. Thus 
а child's voice and a woman's voice аге high-pitched while а man's voice is 
low-pitched, The notes on the left of a piano keyboard are low-pitched 
while those on the right are high-pitched. In Section 2 of Chapter 4 we 
learned that the pitch of a sound depends on the frequency i.e. the number 
of complete vibrations per second made by the sounding body. The higher 
the frequency, the higher the pitch; the lower the frequency, the lower the 
pitch. This is clearly established by the experiments described in Fig. 4.13. 

Sounds of the same frequency or pitch can differ in their loudness. 
Strike a piano key gently and then strike the same кеу harder; the sounds 
heard are of the same pitch but the second sound is louder than the first. 
Why? To find the answer you will have to remove the wooden cover and 
watch the vibration of the string in question as that particular key 15 
struck. A harder impact on the key causes the metal piano wire, or ы j 
to vibrate through a greater distance. The distance pent УН i o 
extreme positions of the vibrating plitude ot the 
vibration. ее н 

Press a metre stick against a table top 45 shown in duel Ча kn 
end that projects over the table (0р, first gently and Rs Rie aH я 
the amplitude of the vibration change? How did the loudness of the 
Sound change? 


body is called the am 


These experiments show us that the loudness of а sound increases or 
decreases with the amplitude of the vibration of He sounding анаи 
о support this statement? 


Many other experiments can you think of t 
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Questions 


on 


~ 


10 


Describe the transmission of a sound through the air from the 
sounding body to the listener's ear. 


Describe a simple method to determine the velocity of sound in 
air. Why is a ‘reciprocal observation’ necessary? What is meant by 
‘personal error’, and what methods are employed to eliminate this 
error from the method you have described. 


How would the result obtained for the velocity of sound in air on 
a cold day differ from that obtained on a hot day? 


Your ear is placed against the metal rail of a railw 
distance from you the rail is struck w 


enough you can hear two sounds, Е 


ay track. At some 
ith a hammer. If you are quick 
xplain how and why. 


How would you show by experiment that when sound is reflected 
from a surface the angle of incidence is equal to the angle of гећес- 


tion? Draw a diagram of the arrangement of apparatus you would 
use. 


Explain how the depth of water below a ship is measured, 


Explain why you hear a sound more loudly when a cardboard tube 
connects the sounding body to your ear. 

Why is an echo much more f. 
Why is it that the teacher's yo: 
in the open air. 


aint than the original sound? 
ice sounds louder in a classroom than 


Explain the difference in sound heard when you speak in a heavily 


curtained room full of people and when you speak in 


an empty 
room with bare plaster walls, 


Why is there a minimum dista 
be distinguished? What is thi 
there is no wind and the tem] 


nce from the reflector for an echo to 
5 minimum distance on a day when 
perature is 10°C? 


What is meant by the ‘amplitude’ of vibration of 
Describe an experiment to show that the lou 
depends upon the amplitude of vibration, 


a sounding body? 
dness of a sound 


Ask yburself the followin 
both energy? Are both re 
do their speeds compare? 


Б questions about light and sound: Are 
flected according to the same laws? How 
Can both travel through vacuum? 

Now state two points of similarit 


y and two points of difference bet- 
ween light and sound. 


14 
More About Magnetism 


С "TE ; 1 А 

ИОН 6 introduced you to the study of Magnetism, and at this stage you 
^ ould go over that chapter again and make sure that you have understood. 
the basic facts explained there. In this chapter we shall learn some more 


about this part of Physics. 


1. Magnetic induction 


soft iron bar 


magnet 
А 
в N compass needie 


Fig. 14.1 Magnetic induction 


An unmagnetized iron bar will not attract or repel a compass needle. 1f, 
however, we bring a bar magnet near it, the iron bar becomes a magnet. 
1f the north pole of the bar magnet is brought near end A of the iron bar 
as shown in Fig. 14.1, then the further end B of the iron bar is seen to be 


à north pole since it repels the nort lle. ЈЕ the bar 
magnet is now removed the compass needle w 
showing that the iron bar ceases to be a magnet. If the bar magnet is again 
brought near the iron bar with the south pole near A, the further end B is 
seen to be a south pole. In each case the iron bar is said to have been 
magnetized by induction; the inducing pole induces а similar pole in the 
further end of the iron bar, and an opposite pole in the near end. The iron 
bar loses most of its induced magnetism when the inducing pole is removed. 
A bar of steel under the same circumstances would not be as strongly 
magnetized by induction as the iron bar, but would retain more of the 
induced magnetism than the iron bar does, after the inducing pole is 


removed. 
There is no signific 


into contact with one of t 
process is somewhat more efficient йи 


ill no longer be deflected, 


ant difference in the process if the iron bar is brought 
he poles of the bar magnet. The magnetization 
e to the reduction of the air gap. This 


h pole of the compass nece 
LI 
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Fig 14.2 
A magnet holds up a chain of nails 
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is sometimes referred to as magnetization by contact. Thus in Fig. 14.2 the 
magnet induces an opposite pole in the nearer end and a similar pole in 
the further end of the nail in contact with it. This nail is now a magnet 
and it induces an opposite pole in the nearer end and a similar pole in the 
further end of the nail touching it, which thus b 
turn magnetizes the next nail, and thus t 
few nails. What happens when 


есотеѕ a magnet, and in 
he magnet can hold up quite a 
you separate the magnet from the top nail? 
in Chapter 6 that heating destroys magne- 


‚ section 3. If a bar of soft iron is held at the angle to the earth’s 
surface that is indicated by a freely suspended dipping magnet, and one 
end is tapped sharply with a hammer, it can be demonstrated that the iron 


has become a weak magnet. How would you demonstrate this? This shows 
that even the weak magnetic field of the earth is capable of causing 
magnetism by induction. 


It may readily be understood, th 
the iron parts of machines, 


akes all the magnetic 
ruments inside it. 


2. The molecular theory of magnetism 


We learned in Chapter 6 that every та 
and а south pole, one at each end. If w, 


Fig. 14.3 Breaking a magnet into smaller and smaller magnets 


we get two more complete magnets from each. Th 


о is сап be repeated again 
and again with the same results, but in every са 


se (see Fig. 14.3) two new 


magnetic poles appear at the middle, where no poles existed before. This 
seems to indicate that magnetic poles exist in pairs, and one cannot be 
isolated from the other. It also shows that a large magnet is made up ofa 
number of smaller magnets. This, if true, means that we should be able to 
make a large magnet by putting smaller magnets together. Half-fill a test 
tube (see Fig. 14.4(a) ) with unmagnetized iron filings distributed uniformly 
in depth and magnetize it by any of the methods explained in Chapter 6, 
section 2. Each of the iron filings now becomes magnetized, and all the 
iron filings arrange themselves as shown in Fig. 14.4(b). The test tube 
filled with iron filings now becomes a large magnet consisting of hundreds 
of small magnets, the individual iron filings. The entire test tube, when 
the iron filings are in the orderly arrangement shown in Fig. 14.4(b), 
behaves as a magnet, and its ends can be attracted or repelled by the poles 
of another magnet. 


From the preceding discussion we see that a magnet acts as if it is made 


wp of a number of very tiny magnets. The tiniest possible magnet is 
likely to be the smallest particle into which the magnetic substance can be 
broken and still retain its identity. This particle, as we have learned, is the 
molecule of the substance. 

Evidently then, when iron is magne 1, the molecules of iron behave 
as the iron filings in the above experiment. Magnetism is not created; 
what is done is that the magnet molecules are arranged in an orderly 
manner. In the unmagnetized state, the millions of magnet molecules in 
the substance are haphazardly arranged as shown in Fig. 14.5(а). Тће 
haphazard arrangement of north and south poles neutralizes their еНесі, 
and по external magnetism is evident. In the magnetized state, all the 
magnet molecules are aligned in an orderly arrangement, with all the 
north poles pointing towards one end, and all the south poles pointing 
towards the other end, as shown in Fig. 14.5(b). One end shows a north 
polarity and the other end shows 4 south polarity. In the middle region 
ol the bar the north and south poles of the molecule magnets neutralize 
each other, and this accounts for the concentration of magnetic pneum 
at the poles of the magnet. It should be noted that the P nort и 
one end will repel each other, and will therefore spread apart. Similarly 


tizec 


(b) 


Fig 14.5 The molecular theory of magnetism 


d, due to their mutual repulsion, also 
ideal straight line alignment of the 
how the actual positions of the 
es the diagram you have drawn 


the free south poles at the other en 


fan out. Fig. 14.5(b) suggests the 
magnet molecules. Draw a diagram to $ 
molecules at the ends of the magnet. Do 


haphazard arrangement 
unmagnetized state 


straight line alignment 
magnetized state 


Fig. 14.4 
A test tube containing iron filings 
(a) unmagnetized (b) magnetized 
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explain why the iron filings in Fig. 6.2 on р 55 are spread over the ends of 
the bar magnet i.e. why the poles spread over and around each end? 

This theory of magnetism provides a simple explanation of many 
magnetic phenomena. The fact that there are the same numbers of un- 
balanced north and south poles at either end of a magnetized iron bar 
means that the poles of a bar magnet are of equal strength. It also explains 
why equal and opposite poles will be produced on dividing and sub- 
dividing the magnet. When all the molecule magnets have been drawn 
into line (see Fig. 14.5(b)) there can be no further increase in m 
strength, so this theory also explains 'magnetic saturation' 
magnetic substance can be magnetized only up to a cert 
loss of magnetism through rough handling or heating is due to the 
disturbing of the straight line alignment and a reversion to the haphazard 
arrangement. Study Fig. 14.1 again. When the north pole of the bar magnet 
is held near A, it attracts all the south poles of the molecule magnets of the 
bar AB. These molecule magnets swing into alignment with their south 
poles pointing towards А, and their north poles pointing towards B. This 
explains ућу а south pole is induced at A and a north pole at В, 


agnetic 
, ie. that. a 
ain strength. The 


3. Behaviour of soft iron and steel 


Таке two bars, identical in size and shape, 
steel. Magnetize each equally, either by an equal number of strokes with 
the same magnet, or by the same curren 


t through the same coil. Test the 
strengths of the magnets so produced. Can you suggest how this could be 
done? Then put the magnets away and test their Strengths the next day. 
and the day after that. Your results will show that iron is the more strongly 


magnetized of the two, but that the steel keeps its magnetism longer 
than the iron does. So we say that iron has a higher susceptibility and a 
lower retentivity, and that steel has a lower susceptibility and a higher 
retentivity. This is because the molecule magnets of iron, during the 
process of magnetization, move into the required straight line alignment 
much faster than those of steel. After magnetization, however, the molecule 
magnets of iron move out of their Straight line alignment much faster 
than those of steel. 

So iron is preferred for temporary magnets i.e. those for use 
cular time, while steel is prelerred for permanent m | 
the core of the electromagnets which we shall discu 
(b) while steel would be more suitable for the 
throughout the year in the labor: 
types of electrical meters, in sm 


one of iron and the other of 


at a parti- 
agnets. Iron is used as 
ss in the next section, 
magnets which we keep for use 
atory, or for those that are used in many 
all electric motors, and in many types of 
loud-speaker and earphone. Modern alloys like ‘cobalt steel’ and ‘alnico’ 
have been found to be most suitable lor permanent magnets; once magne- 
tized they retain their magnetism for many years. 


Fig. 14.6 
{a) A bar electromagnet 
(b) A horseshoe electromagnet 


4. Electromagnets and their applications 


In Chapter 6, Fig. 6.4 we saw that if an electric current is 
magnetic substance it will be magnetized. If the subst 
magnetized very guickly, immediately as the 


passed around a 
ance is iron it will be 
current is switched on, and 
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will lose its magnetism as soon as the current is switched off. How would 
steel, permalloy or alnico behave? 

A soft iron core around which a coil is wound is called an electromagnet. 
It may be either of the bar type shown in Fig. 14.6(a), or the horseshoe type 
shown in Fig. 14.6(b). In either case the polarity of each end is determined 
by the rule stated in section 2, Chapter 6. Study this rule again, and apply 
it to each case of Fig. 14.6 and check that the polarities are as stated. | 

Electromagnets have a great variety of uses ranging from providing 
essential parts of electric motors, such ау are used to drive electric тамсаг» 
and trains, as well as for providing the lifting power of huge cranes which 
unload cargo from ships. Here we shall describe two applications of the 
electromagnet; the electric bell, and the relay switch, 


electromagnet 


Fig. 14.7 The Electric Bell 


The Electric Bell consists of a gong. а horseshoe electromagnet, an 
ai called the armature, and a contact screw 


When the switch is closed current Hows 
тег, causing the armature 


easily magnetized soft iron b 
arranged as shown in Fig. 14.7. 
through the coil wound around the electromagr 
to be attracted to it, and the gong 10 be struck, As the armature moves away 
the circuit is broken. The electromagnet loses its 


armature, which is pulled back by 
hes the contact screw the circuit is 


from the contact screw, 
magnetism and no longer attracts the 
the spring action. As the armature touc 
e is repeated and the gong is struck again. 


again completed, and the cycl 
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‘Thus there will be a continuous ringing as long as the switch is closed, 


due to the continuous ‘make-and-break’ of the circuit, as the armature 
returns to and is pulled away from the contact screw. 
The electric bell is sold as а complete unit 


joining its terminals T, and Т, to the local battery, or cell, and switch. 


winding etc, and the more mechan 
should have no difficulty making one which works well. 


heavy ~ 
circuit 


Switch 


Fig. 14.8 The Relay Switch 


A single operator, using a panel of such relay switches, 


any single one of a large complex of heavy circuits by 
button. 


сап start or stop 
just pressing a 


Using a relay switch a tiny current T 


may cause a ship to be launched. 
The manual (or keyboard) of an 


electrically operated pipe organ is 
perates a relay which controls the 
pipe emitting a particular note- 

The automatic signals on the electric railway make use of relays. Relays 
are also used as ‘cut-outs’, which are devices for automatically stopping а 
current when it exceeds a certain safe value. 


~ 


Questions 


ic induction. What poles 
Describe an experiment to illustrate magn enie т г by an inducing 
would be induced in the near and far ends of a у 


Зошћ pole? 


th 5 еог 1 апа 
Ехр i T ^) theo of magnetism, 2 
1 lain the molecular (‘little magnet Jut y 


Use it to explain: by rough handling or 
а magnetization and demagnetization (е. PY 

E г i 8 
heating). 


a magnet. 
b equality of strength of the two poles of a mag 


€ magnetic saturation, 
d magnetic induction, 


7 iri of steel. 
e the behaviour of soft iron and 


What 
lectromagnets. 
What are electromagnets? State three uses EE њу 
| ў | Гап е 
substance would you use for the соге of an W 
i works. 
i 5 ectric bell 
Explain, with a diagram, how an el yan weeds ^ 
av switch works. 9t 
i i a relay swit 
Explain, with a diagram, how а 
relays, 
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15 
More About Electricity 


1. Potential Difference, Current and Resistance: Ohm's Law. 


Іх Chapter 7, section 3, we learned that an electric current was a moving 
stream of electrons. Just as a stream of water would only How from A to 
B if the pressure at A was greater than the pressure at B, so also electrons 
would only flow from P to Q if theré was a greater concentration of elec 
trons at P than at Q (see Fig. 7.1). Electrons, as we have learned, carry 1 
negative charge. A surplus of electrons at P creates what is termed а 
negative potential. A deficit of electrons means a shortage of negative 
charges and therelore a positive potential. We know that like charges 
repel each other, so the mutual repulsion of electrons will cause them tO 
move from where there is an excess of them 
a deficit of them i.e. 


towards where there 15 
the electrons due to their mutual repulsion move from 
negative potential to positive potential. Now the 


word ‘negative’, mathe- 
matically, means less than zero, while 


‘positive’ means greater than zero- 
"Fherefore positive is greater than negative. We have seen that movement 
is always from higher to lower pressure; fluids move 
pressure, and heat flows from the body at the higher temperature to that at 
the lower temperature. To keep the same convention we say that an electric 
current moyes from higher to lower potential i.e, from i 
potential. Thus the direction of the electric current is opposite to the 
direction of the electron flow causing it. Now, still referring to Fig. 7.4, We 
saw that if the difference in pressure between А and B was great, the move- 
ment of water from A to B would be Laster, while il there was little diffe- 
rence in the heights of the columns of water above A and B; i.e. if there 
was little difference in pressure between A and B, the rate of flow 
from A to B would be slow. Rate of flow is termed current, so the current 
flowing from A to B will vary in magnitude with the magnitude of the 
difference in pressure. i.e. the diflerence in height of water column above: 
at A and В. Similarly the rate of flow of electrons from P to Q (or the 
magnitude of the current flowing from Q to P) would vary with, Or» 
is directly proportional to, the diflerence in concentration of electrons at 
P and Q. This difference is called the 
difference, between Q and P. 

Thus we conclude that the flow of current along a conductor is directly 
proportional to the potential difference across the ends of the conductor 
Now if two quantities are directly proportional, their ratio remains 


from higher to lower 


positive to negative 


difference in potential, or potential 


constant as they change. Thus if one is doubled, the other will be doubled. 
etc. So we see that 


potential difference across the ends of a conductor 
= aconstant 


current flowing in the conductor 


This constant depends on the nature of the conductor, and is greater for 
poor conductors and less for good conductors. It is in fact the resistance 
that particular conductor offers to the flow of electrons through it. Abbre- 
viating ‘potential difference’ as p.d., we may now write the above equation 
as 
p.d. across the ends of a conductor 

— resistance of the conductor. 


current flowing through the conductor 

The resistance of a conductor, as you will learn later, changes with its 
temperature, and so a complete statement of all we have discussed above 
would be: ‘The current flowing in a conductor is directly proportional to 
the potential difference across the ends of the conductor, temperature 
remaining constant.’ This relationship was established by Georg Simon 
Ohm, so this statement is known as Оћт Law. 

Potential difference is measured in volts and is denoted by the letter 
'V', current is measured in amperes and is denoted by the letter ‘T, and 
resistance is measured in ohms and is denoted by the letter ‘R’. Thus the 


equation written above can be represented briefly as 
у 
X - ЕогУ-іІКог1--- 
І к 
abbreviated У), I is in amperes (abbreviated A), and 


where V is in volts ( 
hich is the Greek letter ‘omega’). 


R is in ohms (abbreviated О, w 


Illustrative examples 
о . What p.d. must be maintain- 


1. A piece of wire has a resistance 10 
of 2A will flow along it? 


ed across its ends so that a current 


VES PRAES TRY = 105- 20 V. 


2. А p.d. of 12V connected across the ends of a wire causes a current of 


1.5A to flow through it. Calculate the resistance of the wire. 


/ 
Answer: БУУ = паво" 
І 1.5 


аз а resistance of 500 Q. What current 


3. The bar of an electric heater h 
d to the mains supply 


will flow through it when it is connecte! 
of 220 V? 


у _ 220 _ 944 A. 


Answer == ae 
R 500 


ta current will flow through a conductor only 
al, or a p.d. is maintained across its ends. 
uch a p.d. can be maintained. The 


We have learned above tha 
as long as a difference in potenti 
We shall now study two ways in which s 
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first is by using chemical energy as in the simple cell, and the second is by 
using mechanical energy as in the case of electromagnetic induction. 


2. The simple cell 


current flow detected by galvanometer 


zinc 
electrode 


dilute 
sulphuric acid 


The Simple Cell 


Fig. 15.1 The Simple Cell 


rod or strip, called 
р, called the copper electrode, 
ute sulphuric acid is the chemi- 
ric acid is called an electrolyte, 


charged state, an equal number of protons and electrons. This is also true 
of a group of atoms, or a radical as such a group is called, such as the SO, 
radical, Now when an atom or a group of atoms (i.e. a radical) gains or 
loses electrons it acquires a positive or a negative charge, and becomes an 
‘ion’. Thus when Zn, which represents a zinc atom, loses two electrons it 


ecomes Zn ^^ which 15 à zinc ion carrying a positive charge of strength 2, 


Thus Zn — де —> gn 2+ 


The positive charge occurs because there will now be two more protons 
than there are electrons, since the atom has lost two electrons. In the 
uncharged state the zinc atom has 30 protons and 30 electrons; after 
losing 2 electrons it has 30 protons and 28 electrons. Now 98 electrons can 
balance the charge on 28 protons, and so there is the unbalanced charge 
оп two protons which gives the zinc ion its positive charge of strength 2. A 
chlorine atom has 17 protons and 17 electrons. If it Were to gain one more 
electron it would have 17 protons and 18 electrons, The 17 protons could 
only balance the charge on 17 electrons, and so there will be one electron 


whose charge will re i ivi i 

main unbalanced giving the ion i g ative 
1 a single пер: 
сћатре, те. | 


~ 


а 3r е СІ 
(chlorine atom) (electron) (chlorine ion). 
Similarly we have: 
-50, rt 2e 50, e 
(sulphate radical) (two electrons) (sulphate ion) 
H шт с Ht 
(hydrogen atom) (electron) > (hydrogen ion) 
Cu = ге Си 25 
(copper atom) (two electrons) (copper ion) 


We are now in a position to explain how the simple cell maintains a 


constant difference in potential, ie. a difference in concentration of 


electrons, across its electrodes. 
The sulphuric acid, Н.5О,, produces rat 
represented by the ionic equation 
н50, ьн? + H* + $0, 
Note that there is an ionic equilibrium i.e. an equal number of positive 
and negative charges on the ions produced. The water which dilutes the 


sulphuric acid produces ions according to the equation 


3 VPE 
ions and SO, ions, as 


2— 


HO she M OHI 
(hydroxyl ion) 
but the water produces so few of these ions that their presence may be 
ignored for the purpose of our present discussion. 
The zinc atoms present in the zinc electrode become zinc ions. To 
become a zinc ion each zinc atom, as We saw above, must lose two electrons. 
The zinc atoms, each leaving behind 2 electrons on the zinc electrode, enter 


the solution as zinc ions. Hence the zinc electrode keeps gaining electrons, 
and so gains a surplus of electrons 


two from each zinc atom which jonises, 

i.e. a negative potential. 
Meanwhile the ionic equilibri 

entry of the zinc ions as there are now 


um of the solution has been upset by the 
more positive charges than negative 
e ions in the solution. This requires that some positive 
lower than zinc in the electro- 
e later), the hydrogen ions 


charges among th 
ions leave the solution. Hydrogen being 


chemical series (of which you will learn mort 
must leave the solution i.e. can no longer remain as ions in 1t. They must 


therefore lose their positive charge, and each ion can only do this by the 
Bain of an electron. The copper electrode provides them with these 


electrons. Тће Ht ions turn into H atoms by gaining electrons from the 


copper electrode 
Ht + е Н. 
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м 
5 
боа) 
$ 
м 
(6) 
Fig. 15.2 Electromagnetic induction 
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These H atoms combine to form H. molecules, and bubbles of hydrogen 
gas are seen at the copper electrode. 

The copper electrode in losing electrons to the hydrogen ions develops 
a deficit of electrons i.e. a positive potential. If a wire connects the zinc 
electrode to the copper electrode, electrons will flow along this wire from 
the zinc to the copper i.e. a current will flow in the direction of the arrow 
shown in the figure, and will keep on flowing as long as the difference in 
potential is maintained between the two electrodes 
sensitive instrument for detecting current will shov 
current by a deflection of its pointer. 


as explained above. A 
w the presence of this 


3. Electromagnetic induction 


Fig. 15.2 shows a coil of wire connected to 
instrument for detecting current. Since ther 
coil, there will be no deflection of tl 


à sensitive galvanometer, an 
€ is no current flowing in the 
1e pointer. If a magnet is moved into 
the coil (see Fig. 15.2(a) ), the galvanometer needle (or pointer) will 
be deflected for as long as the magnet is being moved. If, as shown 
in Fig. 15.2(b), the magnet is now withdrawn from the coil, the 
galvanometer needle will be deflected in the Opposite c 
only for as long as the magnet is being moved, 
pushing the magnet into the coil, and withdrawi 
and note the amount of deflection of the galv 
indicates the strength of the current produced, i 
that faster movements of the magnet into or out о 
currents, in one direction or the other, 

Repeat the experiment with 
weaker one. Y 
currents. 


Since a current flows in the wire while the magnet moves into or out of 
the coil, this means that a p.d. is being created across the ends of the coil. 
It should also be realised that it is the relative movement of the two which 
produces this p.d. i.e. that a p.d. would be produced if the magnet were 
held still and the coi] was moved around it and then away from it: This 
is the principle of the Benerator, in which electrical energy is generated 
by rotating a coil between the north and south poles of a magnet. 

The phenomenon described above whereby p-d., and therefore current, 
is produced by the relative movement of magnet and coil, is called electro- 
magnetic induction, and the current produced is called an induced curre. 


lirection, but 
Repeat the experiment, 
ng it, at different speeds, 
anometer needle, which 
n each case. You will see 
f the coil produce greater 


a stronger magnet, 


I ‚ and then again with а 
ou will see that Stronger magnet 


s will produce stronger 


nt. 


Questions 


1 What condition is necessary across the ends of а conductor if a 
current is to flow in it? State Ohm's Law. 


с о\ Why is it necessary to 
include a condition about temperature in the Statement of Ohm's 
Law? 


2 In what units are p.d., current and resist: 


i f ance measured? State the 
relationship between them in the form o 


f an equation. 


What is =e і 
) a is the resistance of a torch bulb that carries a current of 0.5A 
when connected to a 6-volt battery? 


T si dnm > 2 
he resistance of a conductor is 25 Q and it carries a current of 


8. К A . - . H - 
5A. What is the potential difference across its ends? 


How much current does a 44-ohm resistance draw when operated on 


220-volt mains? 


What is an ‘ion’? What is an ‘electrolyte’? Give one example of each. 
99 protons and 29 electrons. The atom of 


The atom of copper has 
and 35 electrons. The copper ion is repre- 


bromine has 35 protons 


Оаа РЕ Р — s 
sented by Си The bromine atom tonises by gaining an electron. 
Use the above information to answer the following questions: 


a How many protons and how many electrons are there in a 


copper ion? 
of a copper atom 


b Write an equation to represent the conversion 


to a copper ion. 
represent а bromine ion? 


с By what symbol would you 
nge of a bromine atom to 


d Write an equation to represent the cha 


a bromine ion. 
e How many protons and how many electrons are there in a 


bromine ion? 

f Write an equation to represent the discharge of a copper ion 
into a copper atom. 

Е Write an equation 10 represent the 
into a bromine atom. 


discharge of a bromine ion 


s which take place in а simple cell and how 
cross the electrodes of the cell. In 
(b) the current flow, 


Explain the ionic change 
these maintain a constant p.d. а 
what direction is (a) the electron flow, 


(i) in a wire connecting the 1 copper electrodes, 


zinc anc 
(ii) throügh the electrolyte viz. the dilute sulphuric acid? 
Note that there are four questions in this paragraph. 
abelled diagram, an experiment by 
duced by electromagnetic induction. 
hich the strengt 


h of the induced 


Describe, with the help ofal 
which an electric current is pro 
Explain clearly two factors on w 
current depends. 

ded, and what type of energy is produ- 


What type of energy is expen 
induction? 


ced, during electromagnetic 
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Answers to Questions 


Chapter 5 
(p. 47) 
1. 4m 2. 20 gf vertically upwards 


(p. 53) 
П. 2m 12. 20 g 14. 20] 


Chapter 8 
(pp. 87-90) 
4. (a) 130 N bisecting the angle between them. 
5. 36 N making an angle of 146° with the 
30 N force and an angle of 124? with the 
20 N force. 
б. (а) 4 newton metres (b) 4 newton metres 
7. (а) 75 М (b) 8N 
8. (а) 30m (b)4m 
9. 210N 
10. 60 kgf cm; 60 kgf cm; 1.5 kg; 2.5 kgf or 24.5 N vertically upward. 


(c) 120 newton metres 


12. 50 cm; to the right. 
14. 14 km in a direction 093". 
15. 506 km/hr 108? i.e. 18? soutlr of east 
16. between 071° and 072° (0717367) 
17. 78.5 m/s? 
18. 68.6 m/s 
19. 165 
20. 1 m/s? 
22. (a) 98 J (b)4] (c) 1960 J | 
28. (a) 16 times (b) 8 times (с) twice (d) twice 
29. (а) becomes one-quarter of what it was 
(b) becomes four times greater. 


(e) 5 times. 


Chapter 9 
(pp. 101-102) 
4. 91 cm? 
5. 200 litres. 
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6. 1050 gf/cm* ог 10500 kgf/m*; 3 500 gf or 3.5 kgf. 
12. 25 gf /cm?; 25 kgf: 2 kgf. 


Chapter 10 
(р. 106) 


1. (а) 15g (b) 17g 

2. (а) 1.075 Ке (b) 1.11 kg 

3. (a) 1 gf (b) 1 ст“ (c) 1 сто (d) 6 g/cm; 1.02 g/cm?; 5.6 gf 
+. 50 cm$ (а) 368.5 с! (b) 363.5 gf 

5. (а) 10 сте (b) 8.9 g/cm? (с) 0.8 g/cm? 
(p. 107) 

1. (а) 20 ст» (b) 2.5 g/cm3 (c) 0.87 g/cm3 

2. 10 cm3; 11.37 g/cm3; 1.26 g/cm* 
(pp. 113-114) 


8. (а) 10 сте; (b) 7.9 g/cm?; (c) 0.7 g/cm3 
9. 20.9 ст”; 3.21 g/cm’ 

10. (а) 20 gf (b) 0.8 g/cm3 

11. 26 gf 


12. 40000 kgf; 9 000 kgf 


7. 5 cm3; 11.3 g/cm3; 59,5 gE 


Chapter 11 
(pp. 128-129) 
3. (а) 12600 J (b) 20°C 
x=50 
5. (i) 4.6 J or 1.1 са! (ii) 33.4 Jor8 cal (iii) 210 J or 50 cal 
6. (i) 80g (ii) 11088 | or 2 640 cal (iii) 24 000 s 
(iv) 0.46 J/g deg C or 0.11 cal/g deg C 
7. 0.88 J/g deg C or 0.21 cal/g deg C 
8. 8 000 000 calories or 8 000 Calories 
9. 1956 


D 


Chapter 15 
(p. 178) 
3212163 
4. 212,5. V 
5. 5А 


Index 


“Acceleration 76, 77, 79 

action 45 

altimeter 25 

ammeter 65 

amperes 169 

amplitude of vibration 159 

aneroid barometer 24 

anvil 37 

aqueous humour 
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A new and up-to-date Secondary science course which covers 
the revised syllabus for Classes 6-10 leading to the Indian 
Certificate of Secondary Education. 


Volume 1: a combined science book for Class 6 which covers 
Physics, Chemistry, Biology and General Science in one volume. 


Volume 2 (for Classes 7 and 8): Comprises three separate books 


in Physics, Chemistry and Biology, each covering two years’ 
work. 


Volume 3 (for Classes 9 and 10): Three books, each covering two 
years’ work, in Physics, Chemistry and Biology. 


Volume 1 is ‘accompanied by a comprehensive Teacher's Guide 
giving complete instructions for performing experiments and 
questions for evaluation. Volumes 2 and 3 are accompanied by 


laboratory manuals-cum-workbooks. 
All the books are profusely illustrated. Volumes 2 and 3 contain 


a large number of exercises at the end of each chapter to test 
the pupil's comprehension. 
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